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WESTERN AUSTRALIAN
Institution of Engineers

( INCORPORATED ) .

REPORT OF THE COUNCIL.
Sesston 1918-1919,

The Council beg to present the Eighth Annual Report and
Balanee Sheet.

Membership—The number of members on the roll is 110.

Meetings—During the session six general and six Couneil
meetings were held, the attendance at the Council meetings
heing as tollows:—C. K. Crocker (3), II. Dowson (3), E. A.
Evans (3), G. E. Farrar (3), J. R. W. Gardam (6), H, T,
Haynes (5), W. J. Hancock (3), B. S. Hume (1), E. B. Light
(1), W. Leslie (1), P. V. O'Brien (1), .J. Parr (4), R. A.
Rolland (4), F. E. Shaw (1), W. H. Tayvlor (6), A. Tomlinson
(2), A. Ventris (5).

In addition, several meetings were held to consider the
proposed constitution of the Institution of Engineers of Aus-
traha.

Business dealt with af Cowncil Meelings—The principal
business dealt with by the Council was: the consideration of
the finances: the eollection of subseriptions in  arrears:
arranging for papers to be read at the general meetings:
consideration of applications for new members and adjusting
the roll of members.

The standardisation of structural steel was also considered
by the Council, and Mr. . A, Evans was appointed to represent
the Institution at a conference to he held in Melbourne to
consider the matter.

A conference was also held at the rooms of the Institution,
the President, Mr. J. R. W. Gardam, presiding, to discuss
“Engineering Standardisation in  Australia.”  Twenty-one
delegates attended the conference, and it was resolved that the
British standards should be as far as possible adopted in Aus-
tralia, in preference fo setting up separate standards, The
conference also passed the following resolution:—*‘That this
meeting protests against electrieal standardisation in Australia
being left to the Electrical Association of Australia, and requests
that Western Australia has equal representation.””
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Papers—The following papers were read during the
Session :

“Presidential Address’™ by Mr. J. R. W. Gardam.

“Engineering Problems in Anecient and Modern Gun-
nery,”' by Professor A. Ross.

“Lvolution of Coining Machinery.'’ hy Mr, A, Ventris.

““Ilectric Power on the Kalgoorlie Mining Field,” by
Mr. (. K. Crocker.

** Bleetrification of Railways,”” by Mr. W. H. Taylor.

The above papers, with others read previously, are now
being printed, and the Council request that members will pre-
pare papers for the ensuing session and at onee notify the
Secretary of the titles of their papers.

Visit to the Fremantle Smelting Works—Throngh the
courtesy of Mr. W. Sutherland, the members of the Tnstitution
visited the Fremantle Smelting Works, and were greatly in-
terested in the process.  Arrangements will be made during
the year for visits to other places of interest.

Students—As the war is now over, the Couneil hope that
all the students of the Institution will soon return and be
present at the meetings, and that there will be keen competition
for the prize of £2 25, donated by Mr. W. J. Hancock, to be
competed for among the students. The Counecil will shortly
announce what form the competition will take.

Proposed dmalgamation of the Institutions of Eungineers
of Australia,—The Institution sent two delegates, Messrs., T T.
Haynes and the Seeretary (Mr. W. B, Shaw), to the conference
held in Sydney in May, 1918, The delegates reported that
the conference was unanimous in recommending the formation
of an Institution of Engineers of Australin. The conference
sat for two days and nights, and drew up a basis of a con-
stitution. A speeial committee was appointed by the conference
to draw up the proposed constitution in legal form, then to
forward same to the delegates. This was done, and the con-
stitution was carefully considered by your Council and the
delegates, who made certain recommendations, the majority of
which were adopted. The special committee then further
considered the recommendations of the various councils and
delegates, and forwarded a revised draft, which was again
considered by the wvarious counecils and delegates, and their
recommendations forwarded to the special committee.  The
President of the Conference has reported that the differences
of opinion are now very small, and it is expected that the final
draft, approved of by the Couneils and delegates of the various
Institutions, will shortly be placed before all members for their
approval,
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Financial.—The balance sheet shows that the excess of
assets over liabilities is now £215 15s. 9d., which is only £8 less
than last year, althongh the expenses of the delegates to the
conference at Sydney was £69. The Couneil hope that members
will pay their subscriptions promptly, as they consider the
fime has arrived for the Institution to have a rveserve fund.
which could at once be accomplished if all the subseriptions
due were paid up.

General —The Couneil consider that all engineers must
recoguise that it is urgent for their profession to have better
recognition than it has at present, and they express the hope
that, as the war is now over, all members will take a keen
terest in the affairs of the Institution in order to bring this
about.

Roll of Honor—H. B, Bennett, G. Drake-Brockman, A. (.
Cooper,® W, D, Evans, S, E. Evans, M.(., W. R. Easton, R. R.
Farrar, A. .J, Hillman, A. W. Johnson, H. Kelly, G. R. Kerslake,
F. W. Lawson, W. Leslie (Junr.), J. Pidgeon, J. H. Playne®,
L. W. Poole, 1. A. Ridgeway®, B. E. W. Thomas, W. Thomasson.
W. G. Townsend, R. ., Viner,

* Killed in action.
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VOL. VIIa.

PROCEEDINGS—WESTERN AUSTRALIAN INSTITUTION OF ENGINEERS.
(Incorporated)

PAPERS AND DISCUSSIONS.

The Institution 18 not responsible, as 4 body, for the facts and opinions advanced
in any of its publications.

GeENeEraL MEETING HELD AT THE INstrrurion’s Rooms on
ApriL 5, 1916.

PRESIDENTIAL ADDRESS.
By E. A. Evaxns,

I would first express my very sineere thanks for the honor
Yyou have conferred by electing me to the position of President of
this Institution for the ensuing year. Sinee the initiation of
the Society some nine years ago, it has been my pleasure to
take an active interest in all your proceedings, and in accepting
the position of President of the Institution | ean assure vou
I am actuated by the keenest desire to promote its interests to
our general advantage.

I am not unmindful of the fact that the senior Viece-
President of this Institution has considered it his duty to
aceept a commission in the Australian Imperial Forees, and
is now serving his King and Country, and but for this no
doubt Claptain Lawson would have this year received the honor
you have conferved upon me. IHis aetion is one we all highly
appreciate and admire. and it is our sincere hope that he will
safely return to us, and that we may be privileged to place
him in the position of President.

We must not forget that this world-wide war has made
calls for men in all direetions to maintain and uphold onr
glorious privileges against a wanton and relentless enemy.
Our State has nobly answered the ecall, and this Institution
has sent of its best. We have supplied the Forees with a Major
and a Captain of Engineers, both of whom were senior members.
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Members and students have also left us to do battle for the
grand cause. Some of our youngest members, who were with
the First Contingent in November, 1914, and fought in the first
attack of the Turks on the Suez Canal, were amongst the first
landing parties to set foot on Gallipoli, and helped to malke
history, and an unforgetable name for Australia at Anzaec.
Some of them [ am proud to say stayed right throngh and left
that untenable shore in the last boat. 1t is our hope that they
may in good time return to us safe and sound to receive direct
the expressions of pride and feelings we have towards them.

An inspiring sight was to see the valiant Miners® Corps,
so recently here, and more particularly to observe amongst
them that grand example, Professor David, Engineering Pro-
fessor of Sydney University, the hero of Antarctic fame, who
planted the Union Jack at the South Magnetic Pole, and now,
when he is fast approaching the allotted span, again zoes forth
to risk his life on the battlefield for that which you and I all
hold dear. It is good to belong to an honorable profession
which counts such as Professor David amongst its foremost
members.

I feel that no apology is needed at this present time for
so many references to this war. It has incessantly oceupied
our foremost thoughts for the past eighteen months, and the
end does not yet appear in sight. [t is freely admitted on
all sides that this is an engineers’ war, and all the devilish
ingenuity of man has been pressed into the service. We are
all aware of the engineering abilities of our enemies where the
arts of peace were employed—many splendid examples of their
brains and brawn are to be found all over Australia—and we
now know that they have devoted the same forces in the pre-
paration for and prosecution of this war. Never again while
this generation breathes should a German be received into
this fair country in the way we formerly received him. He
was welcome, he enjoyed all our social and political privileges,
and we hesitated not to buy his goods. It is now for engineers
to see that British goods are what we want and what we intend
to get when we eannot make them ourselves.

As I find myself getting very near to polities, I will now
devote the remainder of my remarks to a subjeet very pertinent
to the oceasion, viz., the manufacture of the British pattern
18-pounder high explosive shells.

Much original thought has been given to this question, and
many new and ingenious devices have been perfecied in this
State for the production of shells. Prior to August, 1914, few
of us were interested in military ammunition and most of us
were very ignorant of what was required by our Forces. True
to our calling, however, it was considered that we could do
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something in Australia towards supplying the needs of the
Minister for Munitions. At first the diffieulty was to obtain
the raw material, and many pessimists declared that it could
not be produced out here. The newly formed Broken Hill Pro-
prietary Works at Newcastle, New South Wales, however,
tackled the proposition, and have produced an excellent steel.
The Company is capable of turning out more shell steel than
could be worked up in Australia. r”ll'h s'roe-l has been analysed
and tested, and meets the specifications in these respects, but
what seems to me to be ultra-refinements are demanded in other
directions, and these are not vet satisfied. This, gentlemen, is
one great step forward in the making of a self-reliant nation.

Before the bar steel could be converted into shells there
were many knots to be unravelled:—Which of our machines
were suitable? and for which operation? Tt was well known
that no machinery could be purchased in England for the
purpose, as its export was prohibited and the output of the
makers commandeered by the Home Government. The United
States and Canada were in furn tried, but they either could
not supply or else could give no reasonable date for delivery.
We had machinery of a kind and that only working eight hours
out of the twenty-four. It was therefore obvious that we must
rely on our own resources and either convert or make what
was necessary. In the whole of the workshops with which |
am associated there were only two machines which could be
utilized for any part of the manufacture of shells without
extensive alterations and additions, and only one of these could
possibly be given over to this work.

The first guestion was to deeide for ourselves how the
various operations, numbering over twenty, were to be performed
and in what sequence. Having arrived at a decision on these
points, machinery had to be altered, added to, or made entirely
to meet the necessity.

The following list gives the sequence of the operations as
decided upon to suit our particular means of manufacture,
and obviously were lavgely controlled by how we could do it .—

Parting off from bar into two shell lengths.
(‘entring.

Body turned.

Nosed.

Parted off,

Rough bored.

Hinish bored.

Nose serewed.
Grooved.

Base holed.

Drill grub serew holes.
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Turning bhase plugs.
Base plug rivetted.
Press band.

Turn band.

Adjust for weight,
Varnish.

Bake.

Serewing nose plugs,

The steel, 34-in. diameter in bars of about 21 ft. long,
was received at the works. Straightening the bent bars was
objected to if heat was applied. In their bent condition they
would not go through a hollow spindle lathe: it was therefore
necessary to cut them into two in the slofting machine.

The next operation was performed in a No. 4 Herbert
Turret lathe. Double billets to make two shells were parted
off the bar, a nick was cut in the centre and the arris taken
off both ends in the one operation. These billets weighed 56 1bs.
each. No serious alterations were necessary to this maechine.
The hollow spindle was bored out, as its original eapacity was
for 3-inch bars.

A small machine was converted and adapted for auto-
matically centring both ends of the billet simultaneously and
boring the centre about } in. deep, to ensure the drill getting
a true and fair start.

[t may here be remarked that each time a bar was parted
or billets eut up the stamping to denote the cast of the steel
and bar had to be transferred to cach individual part, so
that at any time if serious fanlts were discovered the whole
of a cast could be found if necessary and condemned.

The pair of billets were now transferred to a 12-in. Lang
lathe, where the outside was roughed down in two euts. A
small auxiliary turret was added to the cross slide rest of this
lathe. This enabled the two tools required to be brought into
operation in a quick and convenient manner.

Having roughed down the billet, it was passed on to the
finishing lathe, where the proper size was produced within
the limits allowable. This lathe was also equipped with an
auxiliary turret, as before described.

To complete the exterior body of the shell, the reduction
of the nose end was next performed. A radical alteration to
the slide rests of this machine was necessary. The serew for
the eross feeder was removed. A former-plate was attached
for guiding the roughing out tools, giving the nose the ap-
proximate radius, two tools were again held in an auxiliary
turret. Having roughed out the nose, a form tool attached in
a vertical slide at the back of the lathe was brought into work:
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this tool automatically finishes the nose to the correct contour.

The pair of billets are here returned to the Herbert lathe,
where they are parted into two.

At this stage, the steel being bright and clear all over. is
rigidly examined for any surface defects or cracks, or for
piping at the ends. Any sign or suspicion of a hair ecrack
or flaw in the shell warrants condemnation of the piece.

The heaviest operation is mnext taken in hand. viz. the
rough boring of the shell. This means reducing its weight
from 24 Ibs. to 16 1bs. For this purpose a 3-spindle drilling
machine was selected and radically altered. The original 3-in.
belt drive was converted to a 6-in. belt, a pump for forced
Iuhrication was added. and under each spindle was attached
a self-centring chuck, which ensured that the bore was truly
concentriec with the outside of the shell. The hole was bored
out to 14 in., leaving only { in. to finish. Tt is of the utmost
importance that this rough hole be truly concentric and to the
proper depth, as to adjust any irregularity in either vespect
in subsequent operations was both tedious and eostly. The
small diameter of the hole, with its considerable depth, precluded
the use of a rigid boring bar or tool, hence the difficulties.
[n this machine three shells were bored simultaneously and
satisfactorily.

The succeeding portion of the work caused the greatest
amount of trouble before a successful issue was obtained. 7.c..
to finish bore the hole and square out the bottom to correct
contour and depth. A good finish is demanded in the hore;
the bottom must he absolutely to the correct contour and smooth.
Many attempts were made to perform this operation with the
usual double-sided flat eutter in the end of a bar. When this
eutter came in contact with the bottom of the hole the additional
cutting surface sprung the cutter up or down, with the result
that a pocket was cut in the walls of the shell. A suecessful
result was eventually obtained by grinding off the point of a
twist drill to the correct contour, this drill being the size of
the hole in the shell was supported all down the bore, and a
zood finish was the result. The lathes for this operation required
many additions:; the carriage was equipped with a substantial
turret fitted with eight separate tools, which are readily swung
into position for each portion of the work. It is not always
necessary to use all of these tools, but any slight deviation
when rough boring requirved them all to rectify the defect.
The driving belt was inereased in width 50 per cent, and two
speeds were obtained on the countershaft. A draw-in Collet
chuek was designed for holding the shell.

To complete the interior of the shell the nose end has to
be serewed, a check cut at the inner end of the serew, and a
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precise bevel and eheck on the outer end to fuse case. These
several items arve produced at one setting, the serew being cut
in the lathe and finished to dead size with an expanding tap.

The groove with twin wave projections in same is next
in order. The groove is roughed out with a tool on the front
rest, and the sides of the groove under cut. On the chuck
carrying the shell is a eamm groove operating a tool at the back
of the lathe to produce the wave bands. These wave bands
ave designed to prevent the copper band rotating when passing
along the rifling in the gun barrel,

The shell is passed to another lathe equipped with a
special chuek and turret, where the base of the shell is bored
out to receive a base plug, to be eventually rvivetted in. The
base plug is put in to overcome the possibility of any piping
in the shell, whereby any gases from the propelling charge
could get into the high explosive and so cause a premature
explosion in the gun.

The copper band being prepared, is now pressed into the
groove by means of a six-cylinder hydraulic press, the pressure
required being about ten tons to the super. ineh area of the
band. This machine was desiened and made at the works. The
frame consists of two old engine tyres, A safety valve is
provided to release the pressure at the preseribed amount. The
action of this release introduced an undesirable kick on the
gange, which was overcome by the introduction of suitable
diaphragms and holes in same to nearly equalize the incoming
and outgoing pressure of water.

A sand blasting machine to operate on three shells at once
was designed and made in the shops. This is used in the next
operation, to thoroughly clean the band groove prior to putting
on the copper band.

To rivet in the base plug a pnemmatic hammer has been
specially arranged, the hammer head being so made that a
blow is struek simultaneously on opposite sides of the rivet,
preventing the possibility of tilting or canting the plug. Per-
fection is demanded in this operation as regards the size of
the hole, flatness and smoothness of the base, the fit of the plug
and that the rivet is absolutely driven home all round.

The copper band has now to be turned to the prescribed
profile with no less than seven separate members and five
dimensions, all of which are deemed to be of the utmost im-
portance and must be to size,

There now remains several subsidiary operations, the most
important being the varnishing, after sand blasting, of the
intevior of the shell, and baking same at a temperature of 300°
I*. for eight hours, For this purpese an electrically heated
oven was designed and made to treat 75 shells at once. The
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nose of the shell is bored and tapped to take a 1-in. grub serew,
which secures the fuse. To protect the interior varnish from
damage a east iron plug is screwed into the nose of the shell.
After machining, the cast iron plug is nickel plated to prevent
oxidization.

During all these operations the viewers handle the shells
and minutely inspect them for surface defects, and that they
are true to gauge and within the preseribed limits, and finally
that they are within the limits for weight.

The plant deseribed was put down for an output of six
to eight shells per hour. It has, however, been added to since.
and this process is continually going on.

To have purchased a plant for this output would have
cost at least £5,000. The cost to move these machines, make
all the gear, jigs, chucks, and special tools of all deseriptions
has been done for less than a third of that amount.

In conclusion, I have again to thank members for the
honor bestowed upon me, and also to acknowledge the facilities
given me to prepare this paper by my chief, Mr. Hume.



GENERAL MEETING HELD AT THE UNIVERSITY OF W.A. AT
Perrra on Seprember 6, 1916.

THE PROBLEM OF CORROSION,
By N. T. M. WiLsMORE.

[n opening a discussion on the corrosion of metals before
the Faraday Society last December, Sir Robert Hadfield, the
President of the Society, began with the following words :—‘ In
the presentation of this symposium of papers on the interesting
subjeet of * Corresion,” it can be quite correctly stated that
there is no more important subject than this study of man’'s
fight against Nature, whether on land or sea. It has been
estimated that the losses of the iron in the world by corrosion
amount to hundreds of thousands of tons anmually. Man at
great pains smelts the iron taken from Mother BEarth, and pro-
duces what is termed ‘ metal.” Nature immediately sets to
work to destroy man’s handiwork, and, exeept in certain
favored spots of the world, she generally conquers.”” The
economic importance of the subject is, however, still more ap-
parent when it is remembered that to the enormous wastage
of manufactured metal due to corrosion which is continually
going on, must be added the heavy cost of the various pro-
teetive coverings which are applied with a view to preventing
it, usually with but indifferent success. Thus, in one structure
alone, the Forth Bridge, the total area which has to be painted
is said to be 145 aeres. Hence, although a very concise resume
of previous work on corrosion was contributed to the Western
Australian Institntion of Engineers by Mr. K. A. Mann in
1912, little apology is needed for again taking up the subject,
more espeeially as mueh valuable work has been published in
the interval, In faet, the subjeet is so large that, even without
traversing ground already covered by Mr. Mann, space will
permit of only the briefest outline of the various aspects.
Fuller information may, however, be obtained from the follow-
ing sources:— " The Corrosion and Preservation of Tron and
Steel,” by Cushman and Gardner: °° The Corrosion of Iron
and Steel,”” by J. Newton Friend ; the series of papers published
under the title ** The Corrosion of Metals, Ferrous and Non-
Ferrous,” in the Transactions of the Faraday Society, 1916,
Vol. IX, pp. 183, ¢t seq., and the Reports of the Corrosion
Committee of the Institute of Metals, which may be found in
the Journal of the Institute,

Corrosion may be broadly defined as any chemical change
by which the metal is converted into another substance possessing
little or no mechanical strength.  The corrosion of iron and its
alloys, however, outweighs in economic importance that of all
other metals, firstly because the use of iron far exceeds that
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of other metals, and secondly because iron is more easily
attacked by atmospherie and similar influences than most of the
other common metals. In the case of iron and its alloys, the
term “‘corrosion’’ is frequently restricted to the phenomena
which are usually grouped together under the term °* rusting,"’
by which is meant the progressive conversion of the metal at the
ordinary or a moderately elevated temperature, chiefly into
hydrated ferric oxide. For preventing the corrosion of strue-
tural iron and steel, reliance has hitherto been placed for the
most part on the applledtwn of various forms of protective
covering. This is, however, at best but a very nnpvl feet method.
All protective coverings are liable to mechanical injury and most
of them are themselves sooner or later destroved by the various
influences to which they are exposed. Also many protective cover-
ings, suel, for instance, as mill scale, tin or certain forms of oil,
varnish, when discontinuous, actually stimulate the corrosion
of the exposed metal. The ultimate solution of the problem
must be songht in the production of sueh changes in the metal
itself as shall enable it to rvesist corrosive influences, Un-
fortunately, in spite of the great amount of research work
which has been and is being done with this object, little or
no progress in this direction has as yet been made, so far
at any rate as iron and steel for structural purposes are
concerned. It is true that several alloys of irom have been
discovered which are highly resistant to corrosion, but their
economic usefulness is strictly limited. For structural pur-
poses, either they are far too costly, or their mechanical
properties render them unsuitable.

The survival of examples of aneient ironwork, such as
the famous Delhi Column and the chains fixed for the assistance
of pilgrims to Adam’s Peak in Ceylon, which have braved the
elements for centuries without visible corrosion, might seem
to imply that we have only to re-discover some secret process
which was known to the ancient metallurgists, but whieh has
sinee heen lost. Careful analysis shows, however, that there
is nothing peculiar about the composition of these specimens,
and it would seem that their immunity from attack is due
to layers of einder worked into the metal by the erude methods
of forging then in use. Corrosion appears to have gone on
until one of these layers was reached, and to have been then
arrested. A similar effect has been observed in specimens of
puddled wrounght iron, layers of mill scale being worked into
the metal in the process of doubling and relling. Such a
coating very soon hreaks down under the stresses and vibration
which modern structures have to hear, and when fresh surfaces
of the ancient metals are exposed, rusting is found to proceed
just as rapidly as, if not more so, than with modern iron
or steel. It may be mentioned, however, that amongst the
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more resistant of the alloys of iron are those containing a
high percentage of silica, and it has been suggested that if
some form of ease-hardening could be devised in which silica
was incorporated instead of carbon, effective rvesistance to
corrosion might be seeured.

Various hypotheses have been put forward from time to
fime to explain the mechanism of the rusting of iron, but only
two of these are worth serious consideration, and even these
two are not antagonistic, but complementary, to each other.
These are usually ecalled the ‘* acid ”’ and the *‘ electrolytic ’
hypotheses, respectively. According to the ** acid ' hypothesis,
the iron is primarily attacked by some acid in solution, usually
carbonie acid, with the formation of a ferrous salt and hydro-
gen. The *° electrolytic ©* hypothesis aceepts the teaching of
modern physical chemistry, that even in the case of acids in
which all the hydrogen may be ultimately replaceable by a
metal, such as hydroehlorie, sulphurie, or carbonic aeids, only
a portion of the hydrogen is in an active state in solution.
When the acid is dissolved in water (or in one of a limited
number of other solvents), a certain fraction of the acid
molecules, depending on the nature of the solvent, ete., are
split up under the influence of the solvent into eleetrically
charged positive and negative particles. These charged
particles were called by Faraday ‘‘ ions,”’ or wanderers, since
they move in an electrie field, and are in fact the carriers of
the electric enrrent which is set up when an electromotive
foree is applied to an electrolyte.  The formation of these
charged particles is known as ‘‘ ionization.”” Besides acids,
soluble bases, such as caustic soda or lime, and neutral salts
such as sodium chloride, are also ionized in solution, and will
therefore conduet an electric eurrent. In the case of aecids,
the positive ions (eations) are positively charged hydrogen
atoms, the negative ions (anions) being the remaining portion
of the original acid molecules which have received negative
charges. In solutions of soluble basis, the cations are usually
metallic atoms, positively charged, whilst the anions consist
of hydroxyl with a negative charge (O H—). When an acid
is added to a base, the hydrogen ion of the acid combines with
the hydroxyl of the base to form water, which is chemically
and electrically neutral, the anion of the acid and the eation
of the base remaining in solution and forming now the ions
of the salt which has been produced. From the results of
physical chemistry we must conclude that water itself is an
electrolyte, although an excessively feeble one, only a minute
fraction of its moleeules being ionized at any one time. As
an electrolytic medium, water occupies a peculiar position,
seeing that on ionization, hydrogen ions and hvdroxyl ions
are produced in equal quantities. Water is therefore hoth
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an acid and a base at the same time. Thus it will react with
many metals, such as sodium or caleium, aceording to the
equation—
Metal-+hydrogen ion=metal ion —-hydrogen

the hydroxyl being now the anion of the base which has been
formed. On the other hand, water will re-act with strong
acid-forming elements, such as chlorine or fluorine, chlorine ions
or fluorine 1ons being formed, and an equal amount of hydroxyl
ions  heing  discharged. (What happens to the discharged
hydroxyl need not concern us here.) All aqueous solutions
therefore contain both hydrogen and hydroxyl ions. But
sinee the amount of ionization of water is very small, in all
dilute solutions the concentration of the anionized water is
practically constant, from which can be deduced (by a process
of reasoning which space forbids me to reproduce) that the
product of the concentrations of the hydrogen and hydroxyl
ions in all dilute aqueous solutions must also be constant.
That is. if we inerease the concentration of hydrogen ion by
adding acid. that of the hydroxyl ion must decrease in like
proportion, and wvice verse, This vesult has an important
bearing on the rusting of iron,

Althoneh in any eleetrolyte only a portion of the molecules
are ionized. still the ions are in equilibrium with the ionized
molecules, so that, if any of the lons are removed from solution,
more must be found by ionization of the mneutral molecules
until the latter are used up. Thus, although pure water con-
tains very few hydrogen ions, if any of them are discharged
more can be formed from the residual water, along with an
equal number of hydroxyl ions. Similarly for acid moleenles,
The electrolytic hypothesis of rusting is thus merely an extension
and development of the older ** acid 7" hypothesis, In the
first place, the initial attack of acids on iron is referred to the
hydrogen ions: in the second place water, being a source of
hydrogen ions, must be regarded as an acid, if only a feeble
one, On the older view, the action of water on iron would
be deseribed as eivine ferrous hydroxides plus hydrogen, or—

l-q‘L;.]._‘_} [l__l):i"l" (O lez_‘"ll:

On the electrolytic hypothesis we have: iron plus hydrogen
ions form ferrous ions plus hydrogen, or—

Fet2 H+ — Fe++1-Ha

The tendency of a chemical reaction to take place is in-
creased by inereasing the eoncentration of the re-acting
substances, and deereased by inereasing the concentration of
the produets, although the effect of the latter is not so marked
in the case of irreversible re-actions. The attack on the iron,
therefore, should be stimulated by inereasing the concentration
of hydrogen ion, and retarded by inereasing that of ferrous
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ion and gaseous hydrogen. Thus, when water or a solution
which is very feebly acid acts on iron, the re-action will quiekly
be brought to a standstill. Tn the first place, the H+ ions will
be rapidly used up until their concentration reaches that
proper to pure water, after which fervous hydroxide will begin
to form. As this substance, although sparingly soluble, is
much more completely ionized than is water, hydroxyl ions
will be formed along with ferrous ions, and in consequence
the concentration of H+ ions will get smaller and smaller.
In the second place, the liberated hvdrogen tends to form a
protective film on the surface of the metal.

Here, however, comes in the second factor in rusting, the
oxywcen of the air, which aets in two ways, firstly by removing
both ferrous ions and hydroxyl ions from solution and forming
with them hydrated ferric oxide (rust)—

4 Fet+ +40H— 4 0. —2 Fe. 0; 2 H, 0,
Secondly by oxidising the hydrogen as fast as it is liberated—
2 H, L0y —2 H,0:

For ordinary rusting, therefore, the action of both water and
oxygen 1s necessary, but of course in the presence of acids, and
of salts like magnesium chloride, which readily act on water
to form acids, the metal may be corroded in absence of free
oxygen. In the lattercase, however, if oxygen be afterwards
admitted, the ferrous ions in solution will usually he oxidised

to rust, as before.

Errect oF Externan Coxprtions on toe Corrosion orF IRoN.

Air or oxygen, even in the presence of small quantities
of water vapour, has no sensible action on iron until a tempera-
ture approaching 200° . is reached. The characteristic films
of oxide then begin to form, the colour of which is taken as
a rough seale of temperature in tempering steel. As a measure
of temperature, the colour is only permissible if the time of
heating and the nature of the metal are fairly uniform. It is
possible, for instanece, to obtain a deep blue by prolonged heating
below 200° €. On heating to high temperatures, the coating
of oxide becomes thicker, forming the well-known ** mill seale.”’
The oxide films produced in this way consist chiefly of the
black magnetic oxide, which is a somewhat inert substance.

The same oxide is produced when iron is heated in steam
in absence of air to temperatures above about 350° €. This
is the essence of the Bower-Barft process for producine a black
finish on iron and steel. So long as the coating is intact, the
metal is well protected against corrosion unless exposed to
strong acids, but if the film is breken through, the exposed
metal will rust rapidly.
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It is found that iron does not rust in moist air unless
the temperature falls below the dew point and liguid water
is actually condensed on the surface of the metal. Specimens
have been preserved in European museums for many years
simply by maintaining the temperature of the room above the
dew point. Since at a given temperature the vapour pressure
of water in capillary space is less than at a free surface, it
follows that dew will deposit at a higher temperature in capillary
space for a given amount of meisture in the air. ilence the
well-known faet that a polished surface rusts less easily than
a rough one of the same metal, The stimulating effect on
rusting of rust itself is also partly due to this cause. The fact
that ** busy *" iron or steel, such as railway rails in constant
use, rusts less rapidly than metal which is lyving idle, is probably
due to the rust being shaken off as fast as it is formed. The
protective action of oil and grease is due to their water repelling
nature, although they are permeable to air and water vapour.

As oxyeen is necessary to rusting, the eoncentration of the
oxyeen in the air or dissolved in the water influences the rate
of attack. Hence rusting goes on rapidly ¢ between wind and
water,”” but muech slower in deep (fresh) water or in deep
wells, where the oxyegen cannot be so quickly renewed. For
the same reason, rusting will go on faster inside a pipe through
which water is flowing than when the water is still, as in a dead
ond. De-aeration of boiler feed water is an effective means of
preventing corresion, provided free acid, or a salt which gives
rise to free acid, with water, is absent.  Otherwise alkali should
be added as well.

Corrosion is markedly stimulated by the action of light.
Rise of temperature shounld also inerease the rate of attack.
were 1t not that eases (oxyeen, carbon dioxide, ete.) hecome
less soluble in water as the temperature goes up.

Biological influenees are sometimes of moment. The growth
of certain bacteria is greatly stimulated by the presence of
iron in the soil, and colonies of such bacteria are sometines
found on the buried parts of iron struetures, and by secreting
acids stimulate the corrosion of the struetures. Acids are also
secreted by earthworms, and by the roots of plants,

The effect of substanees in solution is of great importance,
evenn when such substances are themselves left unaltered by
the corrosion of the metal in contact with the solution. Some
substances stimulate, others (called by Cushman *° inhibitors ')
retard eorrosion; but it frequently happens that the same
substance will fall under one head or the other, according to
its concentration.  The inhibiting action of alkalis sueh as
caustie soda, lime, or even ammonia, il not too dilute, is well
known., The action of these substances is obvious. Seeing that
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they ionize in solution forming hydroxyl ions, the hyvdrogen
ion from the water is reduced to an excessively small con-
centration. The first effect of the addition of a nentral salt
is usually fo stimulate corrosion, hut, after a particular con-
centration, the °° eritical '’ concentration is reached, further
increase in coneentration lessens the rate of attack towards zero,
the “‘ limit concentration '’ being then reached. The actual
amounts of the eritical and limit concentrations will depend
on the nature of the salt, temperature, ete. In the case of
some salts, such as sodiwm carbonate, the drop in the rate of
corrosion from the eritical to the limit concentration is very
rapid. This is of some interest in connection with boiler water
which has been softened with sodimm earbonate, as some excess
of this salt is frequently present. Obviously, the coneentration
of the sodium carbonate should be either very small or well
above the limit. As both the eritical point and the limit are
at a concentration of about 0.1 per cent., it would seem to
be undesirable to hlow off the boiler too frequently. In the
case of very many salts, of which soditm chloride is an example,
however, the eritical and limit concentrations lic much further
apart. In fact, it very frequently happens that the limit is
not reached before the solution is saturated. With sodium
chloride the critical concentration is about 5 per cent., whilst
in strong brine, although ecorrosion is not zero, it is far less
rapid than in pure water—a faet well known to marine engineers.
In the ease of some salts, notably the alkaline chromates, the
eritical and limit concentrations are very small. Sueh sub-
stances are therefore typieal inhibitors, and arve often used in
boiler water as such.

Of more practical interest are solutions containing more
than one salt, especially when we have stimulators and in-
hibitors together. In such cases the greater the amount of
stimulator present in the water, provided its eritical con-
centration is not exceeded, the more of the inhibitor will have
to bhe added to stop corrosion. It is in such cases, probably
on account of the inereased eleetrical conductivity of the water,
that pitting is very likely to occur, for, as will be shown later,
this is almost certainly associated with electrolyvtic action. The
action of salts is very fully considered in Friend’s book, to
which reference has already been made.

Tt is perhaps worth while to apply the foregoing vesults to
the special case of the Goldfields water main, which has corroded
badly, chiefly owing fo the presence of chlorine ion and
magnesinm ion, together, in the water. As is well known, the
problem was submitted to a committee of engineers and
chemists in London, including the late Sir William Ramsay,
and this committee recommended the rveducetion of the oxyveen
concentration as far as possible by de-aeration, but, as de-
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aeration cannot be complete in practice, and as magnesium
chloride is present, which will attack iron slowly even in
absence of air, they suggested the addition of a small amount
of lime as well. Outside, the pipe was to be treated with solid
lime, which, as experience with reinforced concrete shows, is
sufficiently concentrated to protect the iron in the presence
of air and chlorides.
Errecr or maE SrrucTUrE AND COMPOSITION OF THE METAL.

The physical state of the metal is of importance, as want
of homogeneity stimulates. BEven the purest metals, however,
are not homogeneous if ecrystalline, the ecrystals heing ap-
parently cemented together by thin layers of amorphous (non-
erystalline) metal which is more susceptible to attack. In
such cases corrosion is seen to follow the erystal boundaries.
The coarser the structure of the metal, the greater will usunally
be the rate of attack. Thus, Whyte (Transactions, Faraday
Society, loc. cit.) cites the case of the marked corrosion of a
section of mild steel water main as compared with the re-
maining sections. Chemical analysis showed mno difference in
composition, but an examination of the micro-structure revealed
a very coarse structure with large crystals of fierite segregated
from the pearlite in the faulty section, showing that the metal
had been badly burnt during manufaecture.

As is well known, econtact with a chemically less
active metal is a frequent stimulus to corrosion. This is usually
referred somewhat vaguely to °f galvanie action,”’ but it is
only in the speeial case of the dissolving of a metal, such as
zine, in acid that the meehanism is at all understood. It is
found that metals differ greatly in the ease with which hydrogen
ras can be evolved from their surface, although the chemical
action may remain the same. Zine, lead and merenry offer a
relatively greater resistance, whilst platinmm and iron offer
hardly any resistance at all. Hence, pure zine, in spite of its
oreat chemical activity, dissolves only slowly in aeid, but, if
it be connected with a piece of iron or platinum immersed
in the same solution, vigorous action ensues, zine passing into
solution to form zine ions, and an equivalent amount of
hydrogen ions being pushed out of solution on to the other
metal and then discharged, forming gaseous hydrogen. I
such cases an eleetrie eurrent flows from one metal to the other,
whenece the name *° galvanie action.”” On the other hand, con-
necting the zine with lead or mercury will produce no effect.
Inereased corrosion, due to want of uniformity in a metal, may
be due to a similar aetion, one portion being attacked, whilst
hydrogen either is liberated or combines with oxygen from
the air on a neighboring portion. At the same time, an electric
current will flow from omne portion to another through the
metal and back again through the solution. The stimulating
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action of small amounts of salts may be largely due to inereased
conduetivity of the solution,

An interesting case of galvanic action of a different kind
was recently brought to my notice by Mr. T. N. Kirton, of the
Government Analyst’s Department. For the protection of a
magazine against lightning, a triangular system of conductors
on the roof was connected to three copper plates buried in
the ground, and spaced symmetrically about 35 feet apart.
The composition of the copper and the nature of the ground
appeared to be uniform, yet ome of the plates had corroded
badly, whilst the others had not. On examination it was found
that a downspout from the roof had been arranged to dis-
charge over the plate which had corroded, in order to improve
the electrical contact with the ground. This of itself would
not have mattered, but the roof had been painted with a
mixture of lime and salt, so that this particular plate was in
gcontact with a stronger solution of salt than the others, thus
inereasing its tendeney to be converted into basie chloride. In
fact. the very perfection of the electrical connections was the
eause of the trouble.  Had the plates been connected to
separate eonductors, this ** concentration cell * would not have
heen set up.

A speeial form of disintegration is sometimes found in
pure metals as well as alloys, which, although it is not strietly
corrosion, should be mentioned. Most metals, even when slowly
cooled, are left in a condition which is stable only at higher
temperatures, and in consequence thus have a tendeney to
change into another (usnally crystalline) form, which is more
stable at ordinary temperatures. A change from one erystalline
form to another will cause the metal to erumble to a mass of
loose erystals, frequently without change in ecomposition.
Fortunately, sueh change is excessively slow under ordinary
conditions, otherwise no metal structures would be possible.
But under special conditions, such as continued vibration or
contact with solution of salts of the metal, the change may be
stimulated. The failure of tanks and other vessels of lead is
sometimes due to this eause. The presence of soluble sulphates
or other substances which will prevent the presence in solution
of soluble lead salts will usnally hinder the change. Tin shows
a sharp transition point at 18° (., the stable form below that
temperature being a loose grey erystalline powder. By ex-
posure to long continued cold, as in a Kuropean or Canadian
winter, complete change to the grey form frequently results,
with consequent destruction of the orviginal article. On re-
melting the tin is restored to the compact white form without
change in weight.

Lead, of course, shows ordinary corrosion as well, being
apidly attacked by water containing carbonie acid and oxygen
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in solution. Small quantities of alkaline salts such as sodium
carbonate and nitrate have a strong inhibiting effect. Soft
peaty waters attack lead. Hard waters usually do not.

The influence of the composition of metals on their corrodi-
bility has been extensively studied, especially in the case of
iron and steel. Corrodibility seems to inerease with addition
of earbon up to about 1 per cent., and then to decrease.
Percentage of carbon has, however, much less influence than
the heat treatment which the metal has received. Thus in the
case of a tool steel, the hardened steel (Martensite) and the
completely softened metal (Pearlite structure) were found to
be relatively stable, whilst steels which had been heated fo
intermediate tempering temperatures were more rapidly cor-
roded, a maximum being reached with metal tempered at 400° C.
(Osmondite). There is little to choose between steel and soft
iron. corrodibility being influenced largely by the mechanical
and heat treatment of the metal.

Nickel steels resist corrosion, but when corrosion has once
started it is said to go on rapidly. [Ewvidence on this point is,
however, conflicting. Chromitm markedly reduces corrodibility.
A chromium steel containing about 12 per cent. of chromium,
0.3 per cent. of carbon, 0.5 per cent. of cobalt, and a little
silica and manganese, has been put on the market by Thos.
Firth and Sons, of Sheffield, under the name of ‘¢ stainless
steel.”” Tt is not attacked by salt solutions, fruit juices, vinegar,
ete.

The presence of sulphur, especially in the form of man-
canese sulphide, greatly stimulates the corrosion of iron and
steel, the sulphur readily oxidising to sulphurie aecid in
presence of air and water. Pitting is very apt to oecur in
such metals, owing to the particles of manganese sulphide
present in the metal. Ferro silicon alloys, on the other hand,
containing 15 to 20 per cent. of siliea, are remarkably resistant
to corrosion, but unfortunately they are brittle and diffienlt
to machine. They are used, however, for chemical purposes.

The corrosion of brass shows some points of interest.
Brasses containing up to about 37 per cent. of zine consist of
a homogencous solid solution, whilst those containing up to
about 45 per cent. of zine (Muntz Metal) consist of crystals
of two solid solutions side by side. As might be expected,
Muntz metal is more casily attacked by acids or by eleetrolysis
than ordinary brass, but, rather curionsly, is less attacked by
sea water. The initial corrosion of brass and Muntz metal
consists in complete removal of zine crystal by erystal, there
being a sharp boundary between the residual copper and the
unacted-on metal. At a later stage the copper also will be
attacked. The addition of 1 per cent, of tin or 2 per cent. of
lead has been found to make brass more resistant to corrosion,
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probably by the formation of a continuous film of lead or tin
oxide. Smaller guantities of these metals, however, are worse
than useless.
ProrEcTIVE COVERINGS.

These can be discussed only very briefly here. A fairly
full treatment will be found in Cushman and Gardner’s book.

Linseed oil varnishes and japans are not satisfactory coat-
ings for iron and steel., Not only are they usually porous
after drying, but they absorb free hydrogen, and therefore
actually stimulate corrosion. The addition of suitable pig-
ments, however, makes a good protection, but again many
pigments are stimulators. Pigments which conduct electrieity,
such as graphite, or those which are fairly soluble in water,
such as gypsum, should be avoided. Lead and zine paints are
usually good, zine chromate being one of the best inhibitors
known. A pigment which has given oreat satisfaction in Ad-
miralty practice is zine dust, as it absorbs oxygen, and the
resulting zine oxide is itself an inhibitor. On the whole, linseed
oil seems to be a satisfactory vehicle, but is improved by the
addition of copal varnish. Natural bitumens are good pro-
tectors, but become brittle on exposure to light.  Artificial
bitumens made from tar ave better in this respect, and are
improved by admixture with lime, which neutralises aecids and
other corrosive substances. Galvanising is an efficient protection
if uniform and thick enough, but frequently this is not the
case.  Thin galvanising corrodes rapidly. Tin and copper,
being electro-negative to iron, stimulate corrosion if the iron
is exposed, and, unfortunately, it is difficult to produce a
coating of tin which is free from pin holes,

It will be seen that the subject of corrosion is very large,
and only the fringe of it has been fouched in this paper.

END OF VOLUME Vlla.
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Perrr, on Aprmn 4, 1917.

PRESIDENTIAL ADDRESS.
By WiLniam J. Hancock.

In aceepting the office of President of this Institution, I
beg to tender to you my thanks for the high honour you have
conferred upon me. It is an honour I much appreciate. 1
fully realise that it earries with it vesponsibilities, and I trust,
with wvour assistance and consideration, [ shall be able to
maintain the office of President on the high level of my pre-
decessors, At this time, when our thoughts are concentrated
on the terrible struggle raging in Europe and on the high
seas, we hear but the echo which warns us to prepare for all
events and to relax no efforts to help to defeat a powerful
and ruthless foe, and we honour those men and fellow members
of this Institution who have answered the call of our conntry.

To engineers the war has a speeial interest, sinee it is a
war in which the engineer and the chemist have taken so
prominent a part. Is it not a reproach to civilisation that
the forces of science, engineering and ehemistry, are heing used
to the uttermost to destroy the works of industry and art, which
in time of peace they had assisted so much to build up? And
the civilisation upon which we so muech pride ourselves appears,
after all, to be but a veneer, to disappear with the first ex-
plosion of war.

The first duty of a President of this Institution is to read
an address at the beginning of his official carcer. 1 have,
therefore, chosen for my subject this evening a brief review
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of electrical progress in this State. When | began to compose
my address, | soon realised that it would be impossible to go
into much detail in the short time at my disposal, and it
became a question of condensation, rather than expansion, of
historical data. 1 feel sure that there are many members of
the Institution who would be well able to supply interesting
data of early engineering works, and I would appeal to mem-
bers not to let the interesting history of engineering of early
days in this State be lost.
TELEGRAPHS,

The earliest electrical engineering in the State, as in most
countries, was in connection with electric telegraphs. The first
telegraph line was construeted in 1869, from Perth to Fremantle,
by the private enterprise of Mr, Edmund Stirling. The first
pole of this line was erected on 9th February, 1869, near the
then William Street jetty, and the line was opened for traffic
on the 31st June of the same year.

Owing to the success of this enterprise, the Electro-
Telegraph Company was formed in the following year, to ereet
telegraph lines to other towns, and the first pole of this com-
pany's lines to Guildford, York and Northam was erected in
St. George's Terrace by Governor Weld on 13th February,
I871.  All these lines were subsequently acquired by the
Government.

The telegraph line to Albany was built by the Government
and opened on the 21st December, 1872,

The first pole of the intercolonial line to Eucla was erected
at Albany by the Governor on 1st January, 1875, and the line
was completed to Euecla, 1,006 miles, on 8th December, 1875,
and the next day telegraphic communication was completed
between Perth and Adelaide, over the new South Australian
line.

The telegraph was extended north to Geraldton in 1874,
and over the sandy and waterless country along Shark’s Bay
to Carnarvon, Onslow and Roebourne, in 1885, and in the
same vear contracts were let with Messrs. Latimer, Clerk and
Muirhead and Co., a well-known firm of telegraph engineers,
to construet the line from Roebourne to Broome and Derby.
With the discovery of gold in the Kimberley distriet, the line
was pushed on to Hall’'s Creek and to Wyndham, the most
northern town (2,102 miles) from Perth, where the telegraph
office was opened in January, 1893, over 24 years ago, and
by way of interesting comparison, Wyndham is a slightly
greater distance from Perth than Constantinople is from
Liondon.

In the South-West direction, the telegraph lines were
extended to Bunbury and Busselton in 1871, and when the
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lighthouse was built at Cape Leeuwin this station became the
most southern point, 228 miles from Perth. The telegraph
to Kalgoorlie, Cue and Marble Bar was opened in 1894.

The early telegraph lines were constructed of sawn wooden
poles, with Siemen’s iron hooded insulators and galvanised iron
wire of No. 8 gauge. On the line north of Geraldton, on account
of the termites, or white ants, iron tubular poles were adopted.
There was little or no settlement in the early days, and the
telegraph stations were many miles apart. In many of those
long desolate sections water was unobtainable, and, for the
use of the linemen, speeial iron tanks were erected at sometimes
20 to 30 miles apart, and in these sections, inhabited only by
the natives, the linemen often ran great risks in performing
their duties. Sometimes after a weary journey over hot sand
the lineman, with his horse and cart, would arrive at a tank,
only to find that the natives had driven a hole into the bottom
to obtain a drink, and then let the rest of the water run out
into the sand. In other portions of the North-West line in
the rainy seasons the river might come down a banker and
spread over the country for miles, sweeping away the iron
poles and wire, and great credit is due to the hardy telegraph
lineman, who had to go out at any time and in any weather
on his lonely inspection to repair a broken pole or wire and
restore communication. The type of instrument used through-
onut the telegraph service of the State was the ordinary Morse
sounder, and on some busier cireuits, duplex and quadruplex
were adopted. With the great increase of traffic as a result
of the diseovery of gold in the Coolgardie district, Wheatstone
automatic instruments were obtained. Owing to the heavy
traffic with the Bastern States, and the occasional breakdown
and trouble with the insulation for high-speed work along the
coast to Fuecla, a new line better insulated and equipped was
l%ui]t further inland, starting from Dundas, vie Balladona to
suela.

During the period I was Superintendent of Telegraphs, 1
obtained authority to reinsulate several of the main lines with
a higher class of insulator, and ultimately the old iron hooded
insulator disappeared altogether.

In some places hard drawn copper wire, 200 1bs. per mile,
has been used along the railway sections not affeeted by bush
fires.

A telegraph ecireuit such as that from Wyndham to Euela,
partly inland in the tropies, and over long streteches of dry
sand plains, to the more temperate south, and eastward along
the cliffs of the Australian Bight, presents a unique variety
of conditions. On the long section, over sand plains, during
a spell of very dry hot weather, the electrostatic state of the
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line frequently renders it impossible to operate without a
partial earthing at both ends. While on the Hucla section,
where the telegraph line runs for many miles along the cliff
close to the sea, and subjeet to the heavy salt-laden breezes
from the Southern Ocean, efficient insulation was often difficult
to maintain.

As an instance of the use of a long telegraph circuit in
determining longitude, and as the distance is probably the
longest on record, it may be interesting to refer to experiments
carried out in 1890. The H.M.S. Penguin was engaged in
carrying out marine surveys of the North-West coast, and
Captain Osborne Moore was anxious to accurately determine
the longitude of Broome (Roebuck Bay). In consultation with
Sir Charles Todd, of the South Australian Telegraphs, we
made the necessary arrangements on the Western Australian
seetion for accurate automafic repeating from the Adelaide
Observatory to Broome. On 30th October, 1890, at noon, all
traffic was stopped and the clock beats of the sidereal clock at
Adelaide Observatory were sent over the wire along the shore
of the Bight, via Perth, to Broome, where Captain Moore was
able to compare the elock beats with his chronometers. The
total distance was 3,567 miles, 2486 miles being in Western
Australia, and 1,075 miles in South Australia.

The retardation due to the instruments, being about .38
secconds, and the veloeity of electrie transmission being taken
about 16,000 to 18,000 miles per second over the iron wire
from Adelaide to Broome.

Similar tests were made between Adelaide and Hremantle
and Albany. All the tests were very satisfactory, and we
received the thanks of the Hydrographic Department of the
Admiralty.

The telegraph system of the State, which began in 1869
with two stations and twelve miles of single line, and gradually
developed to 167 stations, 6,111 miles of pole line and 9,104
miles of wire up to 1901, when the telegraphs and telephones
were taken over by the Federal Government. At the end of
last year, the total number of miles of pole line reached 8,791
miles and 16,728 miles of wire, and [ think it is greatly to
the eredit of the State that the more difficult and greater part
of the telegraph lines were built by the State, for the wire
stretched from Euecla to Wyndham, a distance of 3,131 miles,
as far back at 1893.

Shortly after the telegraph line had been erected between
Derby and Hall's Creek, much trouble was ecaused by the
constant smashing of the insulators by the natives, descendants
of the Stone Age man, and who still used the stone spear heads
and axes,
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With the advent of the tclegraph, the porcelain insulator
offered a mnew and attractive substitute, and the uniform
material and manufacture was as much appreciated by the
native as by the telegraph engineer. The natives climbed the
poles, and then with their stone axes smashed away the insulator,
and from the broken pieces made excellent spear heads with
the wonderfully aceurate serrated edges. The Cordeaux in-
sulator was a convenient shape, and the natives soon learned
to break the insulators to the best advantage, and not a few
gold seekers and more than one of the telegraph linemen have
been killed by the native spears. When 1 was in Derby some
natives had been caught by the police breaking the insulators,
and I induced the natives to make some spear heads before
me, and it was most interesting to wateh the native, with his
primitive methods, convert a modern telegraph insulator into
what might be called a prehistoric weapon.

While the problem of protecting the insulators from the
natives was still unsettled, relief came from an unexpected
quarter. The rush to the new Kimberley Goldfields hrought
with it new material in the shape of whisky and gin bottles,
and as these emblems of civilisation were strewn about freely
along the path to Hall’s Creek, and were casier to obtain than
by climbing poles, the telegraph insulator seon became un-
fashionable, much to the advantage of the telegraph service.

[ might mention as an interesting comparison of native
ideas that while our North-West natives only used the poreelain
insulators, the natives of North Queensland eut down the iron
wire for their spears, and leave the insulators alone. Ethno-
logists might look on this difference in native customs as an
advance from the Stone to the Iron Age, but neither custom
was much appreciated by the telegraph engineer.

Honour is due to the telegraph engineering staff and
survevors of the pioneer days, who carried the telegraph line
through many a mile of unknown country, in face of unknown
dangers, and their work is worthy of record in an Institution
of KEngineers.

TELEPTIONES,

I had the honour of installing the first telephone exchange
system in the State, in 1887. The original exchange building
consisted of a small cottage in Wellington Street, near the
railway bridee, and facing Barrack Street. In one room were
erected two switchboards of Western Blectric make, of the
shutter and plug cord type. the capacity for each board heing
fifty subseribers. The other rooms were used as office and
stores, while the kitchen made a very convenient instrument
workshop, and a oood yard offered excellent accommodation
for stacking poles and construction material.
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The exchange was opened on the Ist December, 1887, with
seventeen subseribers, the charge being £12 per annum, and
: , 2 2
was open from 8 am. to 6 pom. The telephone system soon
increased, and after four months’ working reached fifty sub-
seribers, and then we opened the exchange day and night.

The original instruments were of the magneto type, and
this system was used up to the introduction of the automatic
system in 1914,

The outside construetion work consisted of jarrah poles

ft. long, square tapeved, with tuart eross arms. Cordeaux
insulators and havd drawn copper wire of 200 lbs. per mile.
Many of the white painted and heavily laden poles have been
familiar objects in the streets of Perth and Fremantle until
a few years ago, when fthey were removed to give way to a
hetter svstem of underground cables.

With the growth of the telephone system, the cottage in
Wellington Street soon beeame too small, and in 1890 new
switehboards were installed on the top floor of the General
Post Office, and the system diverted to the new exchange. In
course of time, this exchanee eave way to the new automatic
system, which was installed in the new Telephone Exehange
Building in Murray Street in 1914,

Simultaneously with the opening of the first exehange iu
Perth, four trunk lines were erceted to Fremantle, and the
first exchange in Fremantle was opened with nine subseribers
in a small room at the back of the Town Hall. Soon afterwards
this was shifted to the new Post Office Buildings, near the
railway station. The new exchange at Fremantle is of the
type known as the central battery system.  When the sub-
seriber takes the receiver off the hook, a small electrie lamp
lichts up in the exchange, and, except for the lamp, instead
of the drop shutter and certain other improvements, it is #
reversion to one of the oldest exchanee svstems.

The telephone serviee has inereased from one exchanee with
seventeen subseribers in 1887 to the following at the end of
last vear:-

eehanpesic. — e ol 105
[nstmuments oo on o on e we 10O8ED
Exchange lines (metallie) .. .. 6,620 miles
Undereround conduits .. .. .. BR

In the early days the railway telephones were maintained
by the Telephone Exchanee under the Department of Works
and Railways, and before the electrie interlocking system was
introduced the traffie was controlled by telephones and staff
svstem, the telephone instruments being conneeted in series.
and station called by code signals. [ realised that this arrange
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ment was unsatistactory, and that the railway should have a
special and rvesponsible officer to maintain their telephone
syvstem, and the present Railway Eleetrieal Engincer, wha
has held the position ever sinee, brought the system up to the
high state of efficiency to which it has attained.

SUBMARINE CABRLES.

Only brief mention may be made of submarine cables.
Incidentally I may state that the first piece of work I had
to do on my arrival in this State was to examine the old
telegraph cable to Breaksea Island, outside King George's
Sound, and, finding it bevond repair, a new eable was indented
and laid, a work which afforded considerable excitement, risky
at times, in the uncertain and frequent rough weather about
Breaksea. A submarine cable to Rottnest was laid in 1901,
and this completes the list of leeal submarine cables. As to
the telegraphic cables conneeting Western Australia with the
rest of the world, althongh not strictly within the purview
of this paper, it may be of interest to allude to them. The
first ocean submarine cable to be landed on the shove of Western
Australia was in 1881, when the Eastern Extension Telegraph
Clo. laid a cable between Banjoewangie, Java, to Broome, thus
providing a through route from Perth to Europe win Java,
And in 1901 the Company laid another eable from Cottesloe
Beach to Clocos Tsland, Mauritius, and thence to Durban, eivine
an alternative route via East or West Coasts of Africa to
Europe. In the mext year a eable was laid across the Pacifie
wig New Zealand., Fiji. Fanning Island, to Vancouver, in 1902,

Rapio TELEGRAPHY.

In 1902 we fitted up a small experimental wireless ap-
paratus, and by the courtesy of the Lodge-Muirhead Company,
obtained the loan of one of their syphon recorder wireless
apparatus, which conld be adjusted to extreme sensitive and
short wave lengths.

[Inder the Wireless Telegraph Act, 1904, the P.M.G. had
the exclusive privilege of radio-teleeraphy in Australia, and
ovanted licenses for private installations. In 1915 the ad-
ministration of the Act was transferred to the Naval Depart-
ment,

In October, 1909, tenders were ealled for two high power
stations, one on each side of Australia—namely, at Sydney and
Perth (Applecross). The Applecress station is a fairly high
power station, and the buildings were erected by the Public
Works Department of this State, and apparatus installed by
the Australian Wireless Telegraph Company. Tt would not be
proper at this time to give any description of this station. A
station on similar lines has been erected near Sydney. [ may
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mention that communication can be held with Cocos, and at
night, under favourable conditions, Colombo and far off Fiji
can be heard sending out signals into space.

The Applecross station can instantly alter the wave length
of its signals from the Commercial wave length of 600 metres
to the Navy wave length, so that the ordinary merchant vessel
systems do not interfere with ships of war. At the outbreak
of war it was deemed advisable to establish an auxiliary wireless
station for shipping. In eonjunction with the Military Depart-
ment, our new x-ray plant of 4 kilowatts was easily converted
into an efficient wireless installation.

Owing to the insular position of Australia, it was realised
that a chain of wireless stations was required around the entire
coast-line of Australia, and to create an effective system two
main factors had to be considered:—First, that the stations
should be at a distance apart so that each station could com-
municate with the next and the station beyond it, in case of
breakdown. Secondly, that the distance apart of the stations
should be governed to a great extent by the normal working
range of ocean-going vessels, With these objectives in view,
twenty-one radio-telegraph low-power stations have been erected
around Australia and are now in operation at the following
points :—Sydney, Flinders Island, Melbourne, Hobart, King
[sland, Mt. Gambier, Adelaide, Espervance, Perth ( Appleeross),
Geraldton, Broome, Roebourne, Wyndham, Port Moresby, Wood
Lark TIsland. Thursday Tsland, Cookstown, Townsville, Rock-
hampton, and Brisbane.

The low-power stations have a range of 500 miles in day
time and, under favourable conditions, up to 1,500 miles at
night, The high-power stations at Applecross and at Sydney
each have a range of 1,250 miles in the daytime and of 2,000
miles at night, this being the normal sending range. The
Sydney station can, therefore, keep up communieation with
New Zealand day or night,

Ereerric LignmiNg,

The first attempt of public electrie supply was made in
1888, when a small electric plant was installed in an old building
next to the Criterion Iotel, in Hay Street, or rather in Howick
Street, as that portion of the thoroughfare was then named.
The plant consisted of a 40 h.p. portable engine with a 15
K.W. Elwell Parker dynamo, and the hotel was the first building
in Perth to be wired for electric lighting. Before the lighting
station was in working order, it happened that a ball was to
be given at Government House, and as a novelty, His Excelleney
was anxious to have the ballroom lit up by electricity, and he
consulted me on the matter. [ arranged with the manager
of the new electric light company to supply the current. As
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the cable available was not quite sufficient to complete the
distance, and as there were no firms from whom we could obtain
electrical supplies, the deficiency was met by the use of some
telegraph wires on temporary poles, from Hay Street down
to Pier Street, and across St. George's Terrace to the old ball-
room. The lamps of the first supply were 60 volt, 8 candle-
power, with platinum loop connections, costing 6s. 6d. each,
and we were able to produce a fairly satisfactory effect so
long as the steam pressure was kept up. The guests at the
ball were occasionally able to judge of the illuminating effect
from a glow of ved hair pins to that of a somewhat dazzling
brillianey. As the switchboard instruments had not arrived,
control had to be arranged by means of a special telephone
between Government House and the power station.

The illumination at Government House on this occasion
was about the maximum capaeity of the plant. At all events,
the first electric lighting was a suceess and greatly admired.
After this success, the Government decided to instal electrie
light in the Legislative Couneil Chambers, in Hay Street (now
the State Savings Bank). The installation was carried out in
wood casing, and the fittings and wiring were of excellent
guality. I have no hesitation in saying that the switches and
fittings were far and away better in material and workmanship
than the usual class of fitting to be obtained in Perth to-day.
In new buildings at this period gas was always installed in
addition to the electrie light, as a stand-by, as the public were
not certain of the continuity of the electric lighting after a
few experiences of being left in the dark. '

After a short life, the Electric Light Company came to
an untimely end, due to competition from the Perth Gas
Company, who had obtained powers to add electricity to their
gas monopoly, which they possessed for a radius of five miles
from the Perth Post Office,

The Gas Company erected an electricity supply station,
with steam plant and aceumulators, next the gas works, in
Wellington Street. Subsequently they purehased land on the
opposite side of the street, and erccted an eleetric supply
station, which grew until there was no more space, and an
auxiliary station was opened near the West Perth railway
station.

For some years the electricity supply of Perth was at
110 volts, until about 1899, when the system was changed to
the three-wire system, 440 volts for power and 220 volts for
lighting.

In 1913 the City Council purehased the plant and rights
of the Perth Gas Company, and continued the supply from
the two stations.
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Another change is near at hand, and preparations are ap-
proaching completion for the change of the eity supply from
direct cirrent system to alternating current, when the lighting
and power supply will be obtained from the four City trans-
former sub-stations, where the high tension 6,600-volt current
from the new Iast Perth power house will be transformed
to low pressure, 40 cyeles—250 volts single phase for liehting,
and 440 volts three phase for power. When this change is
effected, the generating stations in Wellington Street and West
Perth will be shut down.

Government Scheme.—The new East Perth power house,
which is now almost completed, has been desiened and con-
structed by Messrs, Mertz and Melellan, consulting engineers
for the Government, and is of modern design, and is now partly
in operation. The effect of this laree economical central supply
of electricity in our community will be far-reaching., Already
the supply mains from the station streteh out to Guildford
and Midland Junetion and deliver enrrent to the sub-stations
at 20,000 volts. The transmission lines for 20,000 volts are
almost completed to Fremantle, where the existing power house
will in course of time he shut down and the electriec supply
taken from ast Perth. It is but a question of time when
the supply mains now erected on the south side of the river
will be supplemented by supply mains on the north side of
the river, forming a girdle of electric supply, and suburban
municipalities such as Subiaco, Claremont and South Perth will
close down their power houses and become linked up by small
sub-stations erected at the most economical points of supply.
and the supply of electric power and light in the metropolitan
area will thus cease to be a local municipal affair, and will
become a State supply, similar to the water supply and
sewerage thronghont the metropolitan-suburban area.

It cannot be expected that these economiecal results can be
obtained without considerable outlay. The change of supply
to Perth involves the replacement of all direet current motors,
fans and lamps of 220 volts for lighting and 440 volts direct
current to 250 wvolts for liehting and 440 volts, three phase,
40 ceyeles, for power. The estimated cost to the City of Perth
will not be less than £200,000. The cost of the change involved
at ['remantle will not be so heavy, but it necessitates the altera-
tion of the existing system of 50 eyeles, 440 volts, two-phase, to
40 cycles, 400 volts, three-phase, for power, and from 220 volts
to 250 volts for lighting,

It is expected that as the result of this change of supply,
a general rveduetion of the price per unit will be effected.

The responsibility for the adoption of alternating current
for the City of Perth, as well as the adoption of 40 cycles, rests
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entirely with the consulting engineers, Messrs. Mertz and
MeLellan.,

In my opinion, it would have been better to have continued
the existing direet enrrent supply in the City and suburbs,
and thus saved the City the great cost of altering or converting
cables, motors, lifts, fans and lighting throughout the City and
suburbs so as to suit the new alternating current supply, and,
instead of static transformers, synehronous motor generators
would bhe installed to effeet the conversion to direct eurrent.

With regard to the periodicity of 40 ceycles: While this
has an advantage for lavge motors, in that motors ean operate
at 20 per cent. lower speed than similar motors on 50 ecyeles,
this advantage is outweighed by the fact that 40 eyeles is neither
British nor American standard practice, the former being 50
eyeles, and the latter 60 eyeles; and as Sydney and Melbourne
have adopted 50 eyeles for bulk supply, we shall be somewhat
handicapped in obtaining 40 eyeles motors and appliances in
the future,

The Naval Base will also be temporarily supplied with
current from East Perth for its construction work, although
when the Naval works are completed they will no doubt have
their own power house, so as to be independent of outside
supply, and dirvect current will probably be adopted, in aec-
cordance with the system prevailing in the Navy.

In the country distriets electrie lighting installations
started at a comparatively early date, and for many yvears the
number of towns with an electricity supply system in this
State exceeded any other State in the Commonwealth.

The first town outside Perth to establish an eleetricity
supply station was Coolgardie, in 1898, and to-day the total
number of towns providing a publie electric supply is 31. Of
this number, 22 towns have their own supply system, and eieht
stations are privately owned.

Of the 31 towns, 14 stations arve operated by steam, 12 hy
producer gas plants (of which six used wood and two charcoal,
while three use both wood and charcoal), and six towns pur-
chase eurrent in bulk. Twenty-nine towns have adopted direet
current on 220 volts for lighting, while the Kalgoorlie Power
Company and Fremantle have alternating current plants.  The
110 voltage has disappeared, excepting in a few private in-
stallations.

Erncrric TRAMWAYS.

The first eleetric tramway was opened in Perth in 1899
by the Perth Eleetrie Tramways, Limited, under a concession
from the City Council, and soon extended to the suburbs, the
total miles being 224 at the time of purchase by the Government
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in 1913. The power house was erected near the Hast Perth
railway statiomn.

As the result of the partial opening of the Government
alternating current scheme, the tramway service of 500 volts
direct current is now being obtained by rotary convertors, and
the tramway generating station closed down.

The Kalgoorlie tramways were opened in 1902, and ex-
tended to Boulder, the total length of track being 194 miles.
The Kalgoorlie Electric Power Co. supply the current.

The Fremantle Municipal Tramways was opened in 1905,
and has its own power house.

The Leonora Municipality have a single track of three
miles to Gwalia, opened in 1908.

The gauge of all tramways in the State is 3 ft. 6 in.

Some time after the Perth tramways had been in operation,
trouble was experienced with corrosion of the water and gas
pipes. This was mainly due to insufficient bonding of the rails
and the pipes being too close to the track; and in conjunction
with the manager of the tramways, we carried out some ex-
periments, and obtained interesting data as to the electric
potential zones of Perth, and, as a result, we insisted on better
bonding of the rails and track, and I also recommended that
no gas or water pipes should be nearer than 24 inches to any
part of the framway track, and this latter regulation was made
one of the conditions of provisional orders in subsequent tram-
way Aets. Similar tests were also made in conjunction with
the Goldfields Water Supply Department, as to observation
and protection of water mains of the Coolgardiec Water Scheme,
and some very interesting data was obtained. The point where
the eorrosion of the underground pipes was most severe and
difficult to deal with was near the power house. No doubt
the adoption of the Thermit welding will fend to improve the
conductivity of the track, and reduce electrolytic effects.

In 1904 the question of the electrical equipment of Fre-
mantle harbour was decided, and I strongly recommended that
the harbour cranes and cquipment be at 440 volts, 3 phase,
50 eycles, instead of the 2 phase system adopted by the town of
Fremantle. A contract was made by the Harbour Trust to
obtain electricity supply at four harbour sub-stations, when
the town supply of 2,200 volts, 2 phase, was transformed to
440 volts, 3 phase, 50 cyeles.

In 1905, five 3-ton and one 10-ton Gantry eranes were
ordered, and 1 inspected these for the Department at the
contractors’ works, Glasgow, and when they arrived in the State
they were erected under my charge on the Fremantle wharf,
and placed in commission, two on the north side and
four on the Victoria Quay. These were supplemented in 1913
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by four similar 3-ton cranes, making a total of nine 3-ton and
one 10-ton cranes. Subsequently three railway track electrie
eranes were obtained, and the grain shed elevators and wharf
wheat loaders are all electrically operated.

In 1912, two 3-ton electric Gantry cranes were erected at
Bunbury Harbour by the contractors, Messrs. Arrol and Co.,
Glasgow. In these eranes | had incorporated some alterations
and improvements, from our experience with the Fremantle
eéranes, to suit the loeal conditions at Bunbury.

When the Government railway workshops were erected
at Midland Junetion in 1905, a complete eleetrical installation
for operating the workshops was installed, at 220 volts, 3 phase,
50 eyeles.

ELreTRIC TRANSMISSION.
Shortly after the disecovery of gold at Coolgardie, the

necessity of a plentiful supply of fuel and water became ap-
parent, and a syndicate was formed about 1892 to erect a
transmission line from Northam (285 miles distant), the neavest
locality with a goed water supply for the steam plant. This
matter was referred to Lord Kelvin, but owing to the Govern-
ment deciding to construet the Coolgardie Water Scheme, the
selection of Northam as the generating point was greatly modi-
field, and the scheme fell through. Subsequently tweo schemes
were proposed, but neither got beyond the initial stages. Both
were to transmit energy from Collie to Kalgoorlie, one along
the railway route, and the other on a larger scale, across country,
from Collie to Kalgoorlie. The latter scheme was to consist of
two 3-phase lines built on steel towers, the line being erected
on a feneed strip of land, with patrol stations at intervals.
As I was in London at the time that the scheme was being
considered, T had several diseussions with the people interested
in the matter, and the engineers connected with the Vietoria
Falls power scheme, and on the Continent I had the opportunity
of inspecting several of the hydro-cleetric systems, both eom-
pleted and in course of erection. A very interesting hydro-
eleetric plant I saw near the town of Goritza, near the Austro-
Italian frontier, the scene of much recent fighting.

The Goldfields transmission proposal involved twiee the
voltage and twice the mileage of any scheme existing at the
time, twelve years ago. Indeed, the only other scheme at
the time comparable and actually exceeding the Collie-Kalgoorlie
proposal was the Vietoria Falls transmission scheme of 700
miles to Johannesburg. In this case the supply was unlimited,
and a greater head of water than at Niagara Falls.

Both these great schemes fell through for practically the
same reasons—the liability of an interruption on the very long
transmission line through exposed and uninhabited eountry.
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either by some aceident or design, without a moment’s warnine :
and secondly, the mines, being so far away from the generating
point, were not in touch, and control, labour or other gquestions
might arise, especially as the conditions at hoth ends of the
line differed so much, and interest and sinking funds on the
heavy cost of the transmission line and upkeep  would add
considerably to the cost per unit.

Unfortunately, Western Australia possesses no water power
excepting the tidal waters of the far North coast. where the
ogreat inward and outward currents due to the 40 to 50 ft.
tides offer a possible source of energy for industries in the
northern part of the Continent—a floating power station moored
in the ehannel where the energy of the tidal current could
be converted by paddle or serew and suitable machinery into
electric energy for distribution. But I fear until the demand
arises this sourece of electrical energy is outside practical engi-
neering for some time to come.

The direct solar heat, of which Australia receives such a
bountiful supply, may also some day be used as a source of
energy under special eircumstances.

At present our only source of eneroy is coal and
timber, and this narrows down the advantace of electrical
transmission and comes rather to the question of using our
coal supply to the best advantage, and the fact that our coal,
so far discovered, is better for raising steam than making oas,
sives the engineer another factor to surmount,

On the other hand, the improvements and experience of
transmission work warrants serious attention to the problem
as applying to our State.

The object of an electric transmission seheme is to transmit
energy from the place at which it ecan be most economically
generated, to where it can be more effectively nsed. As a
source of energy, water power has great advantages over eonl,
although in both cases the sun is the source of energy. The
sun performs the work of lifting the water by evaporation and
depositing it on the mountain side, and the engineer makes
use of the fall of the water to the sea to drive the hydranlie
machinery, which in turn drives the electric generator, and
thus from the sun we have as near to a perpetual supply of
ENETOY A8 We Call ever expect,

In coal we have the energy of the sun, stored up in pre-
historie times, which cannot be renewed, and it behoves us to
consider the problem of the supply of the energy, as the mor
our industries and railways inerease. so much more do we
absorb our limited coal supply. Can we transform the ecoal
energy more efficiently at the pit’s mouth and trapsmit it over
the wire?! Experience in Europe and America has shown that
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transmission of energy by wire ean be carried out to a great
advantage from an economical and practical point of view, and
electrical transmission has long passed the experimental stage;
but there are other aspects of the subjeet whiceh the electrical
engineer fully realises and has to face, especially with regard
to the conditions obtaining in Western Australia.

With improvements in steam boilers, better results can he
obtained, but improved boilers can be erected at either end
in the form of coal in railway trucks as against the enerey sent
by wire. In the former case the user ean store up his coal
energy in his yard and have it under his control for emergencies,
subjeet to deterioration in calorvifiec value, and the interest on
the outlay of storing fuel is but the premium on insurance of
continnity of supplyv. In the latter case he has no reserve in
the event of interruption on the transmission line, and in time
of war or disturbances, when it is imperative that our railways
and bridges should be guarded, it should be equally necessary
to protect our long transmission lines. These are problems the
electrical engineer must face. Indeed, we must look to some
vast improvement in the conversion of coal energy into usefiil
effect when we realise that from the heat enerey of coal, and
under the best modern conditions, we ave only able to obtain
about 3 per cent. of the coal energy in our eleetric lamps.

The question of utilisation of our waste timber is a more
diffieult problem to deal with than that relating to coal, from
the engineer’'s point of view, but the vast amount of stored
up energy lyving nnutilised demands carveful consideration, and
this matter is being taken up by the Secientific Advisory Board.

ENGINEERING EpUcarion,

Ilaving but briefly glanced at the past work and gradual
progress of electrical engineering in the State, and having seen
the various phases of electrical science slowly but surely de-
velop, if is proper to consider what lessons the past has taught
ns, and I may be allowed fo indicate some points of view that
appear to be of interest in regard to the future development
of the engincering profession in this State. In the past all
our enginecers, whether railway, eleetrical, mechanical, hydraulie
and for work connected with harbonrs, roads and bridees, have
been educated or trained either in the Old Country or outside
the State. This could only be expeeted in the early days.
Indeed, the native born youth who aspired to be an engineer
had to zo abroad to obtain knowledge and experience, but the
youth of to-day has many advantages over his predecessor, for
he has a University of seience, literature and art to enter, and
also technical schools, and even primary sehools giving him first
lessons in seience.

The doors of the University are open wide to the student
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to enfer, without fees, so long as he or she pass a qualifying
examination which is slightly less diffieult than the Leaving
Certificate examination of the schools, and in four vears of study
with three summer terms in the workshops can take out a
degree of Bachelor of Engineering,

‘We have often heard it said that our University has
started too soon, and that the State is not ready for it. [ have
always held the contrary view, that it is a misfortune that
the University did not start twenty years ago, for it takes
twenty years at least before a student becomes a leading and
important factor in the State. It is a matter of the greatest
satisfaction to find that this year there are far more students
enrolled than in previous yvears: most of the science classes are
doubled or trebled. In Engineering, last year ten students at-
tended; this year 28 have enrolled in this subject, and similar
inereases are to be observed in other departments. This arises
from the fact that the schools, immediately after the University
was established, started to teach with the University as the
goal In view, and this is the first crop, so to speak, and we
may expect that in the future the number of students will
inerease.

In the University the course of study is a co-ordinate
system, and lends itself to a broad l-ﬂlo\vl(zdl;_fc and elevation of
the mind, and gives the student a sound basis and ground work
on which he can build his future career.

So great is the influx of students that the University is
in some difficulty to find accommodation, and the Senate, with
the assistance of the Government, is arranging for the necessary
inerease.

The technical colleges also afford excellent facilities for
education, but more for special technical work: and the absence
of co-ordination of work is a characteristic difference between
the techmical schools and the University. Both are valuable
and necessary factors in the progress of the State.

The student who has obtained his B.E. degree has the
world before him, and on the sure foundation of seientific know-
ledge gained at the University he must apply seversi years of
practical work and experience of men and material.

After all, there is nothing that can take the place of ex-
perience, be it in handling and mastering diffieulties, whether
they be obstacles found in nature, or in the organisation of
work and labour, and modern experience shows that human
labour must and should be the first consideration of an en-
cineer. Until sneh obstacles and diffieulties have been met
and mastered, and experience gained, no man can rank as a
qualified engineer, but even then his education is never complete
—there is ever more to learn.
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It is during the latter period, after he has left the Uni-

versity, when he has to do his own steering, and when his
ballast may not be quite right, when those great institutions
of eivil, mechanical and eleetrical engineers appear to be of
greatest valne to the yvoung engineer. There he can meet
others in his own profession and hear their experiences and
see the works they have carried out, and I think our own
Institution, small as it is, has some responsibilities in this
respect, and I feel sure every member will be glad to encourage
student members of the Institntion to come forward and read
bapers on special work they may be engaged in.
; There is a matter which is diffienlt to deal with, and that
I8 to get publie bodies to recognise the fact that the engineer
15 best qualified to do engineering work. How often do we
find the layman deciding matters he is neither qualified nor
trained to deal with, and waste of money and inefficiency are
the presult, for the layman, from his want of training, never
knows when he requires technical advice, and goes on in the
hope that he may be right.

Publie bodies, such as municipalities and town eounecils,
frequently appoint unqualified men to positions requiring know-
ledge and experience, and indeed the Government service can
show some instanees. It is but a few years ago, when a certain
suburban muniecipality called for applications for a Town Clerk
and Engineer, with a note after engineer: ** Engineering quali-
fications not necessary.’” Surely this is the limit! The question
of appointing properly qualified and experienced men with
proper remuneration to such posts are professional matters that
the Tnstitution should deal with and in course of time reetify.

T feel that there is a lack of interest in our Institution at
the present time, but all instifutions are suffering in the same
way, and this is not to be wondered at when our country is
at war. We must not be down-hearted, but must go slow for
the present, for the work of the engineer will be greater than
ever after the war, and then our institutions will flourish again.




(August Ist and 15th, 1917.)
ON THE STUDY OF INFORMATION BY GRAPHICAL
METHODS.*
(Abridged.)
By Acnng-Proressor Avrrep ToOMLINSON,

The advancement in engineering knowledge is due mainly
to technology. or applied seience, in whieh graphical study
of information is a dominant factor. BEngineers are very
familiar with the preparation, use and value of dimensioned
pietures—sketehes and mechanical drawines—of things to he
constructed. It is realised that it would be impossible nowadays
to carry out work without them. In exactly the same way
the engineer of to-day cannot do without the study of data by
apraphical methods. Amongst other advantages, the graphic
diagram presents a picture by which the mind’s eye can compre-
hend, at a glance, the nature of the variation or relationship
between varviable gquantities which arve mutually dependent upon
one another. By its aid results are readily interpreted which
would have a formidable aspeet when presented in tabular form.
The eye is quick to read and compare differences in size, or
shape, or slope, and the mind not being wearied over details of
data, is not distracted from the general story told by them.

The value of graphical methods to the engineer eannot be
over estimated.  Charts or graphs on squared paper, and
vector diagrams on plain paper, are all important to the young
engineering student, to practical engineers in the works, draw-
ing office, and estimating departments, as well as to the general
management in works of construction. The use of sguared
paper is invaluable to the so-ealled modernizing and efficieney-
improvement engineer, and to the business man, for by its means
economy may be effected in all departments, ervors and irregular
working may be deteeted, costs and dimensions of manufactures®
may be reduced to order, to law or formula, and a clear light
thrown on the entire working of an engineerine establishment.
A diagram adds a miraculous length to a man's eyesight. The
hicher the official, the more must his work lie in determining
policies, leaving details and merve routine for subordinates to
do.  Curves show him tendenecies and desirabilities, and enahle
policies to be chosen.  If these tendencies are objectionable they
can be corrected long hefore they would have become noticeable
in columns of figures.

At the outset it is necessary to distingnish between two
kinds of quantities, namely, veetor and sealar. Some quantities

* For diagrams see end of paper.
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are related to direetion in space and cannot be defined withont
reference to direction, and are called vector quantities, others
h;_m- no such relation to space and arve called sealar. Thus
=1_IH|1Ie|c-('1|wI|I'. and force are veetor quantities, and leneth and
time scalar quantities. Before considering the praectical ap-
plication of graphical studies of information, some of the
different methods of graphical charting and plotting will be
considered. Secalar quantities may roughly be divided into two
groups, illustrative charts and law-computing graphs, while
Veetor quantities are used in computing diagrams only.

SOALAR QUANTITIES.

Hlustrative Diagrams.—ig, 1, which illustrates the “bar™
method of plotting data, shows very plainly the remarkable effeet
of water in diminishing the number of fine dust particles breathed
per minute by the miner when working. Usnally the “bhar™
method is used where variations are so irregular that a smooth
turve would be impossible. Fie. 2 shows the area method of
computing data. This is a particular case of what is known
as a clock chart. Aetually, it illustrates the percentage of
excavation work completed some time ago on the Gatun locks.

Law and Computing Graphs—IFig. 3 shows the common
co-ordinate method of using two perpendicular axes for plotting
two variable quantities. Points are obtained by projecting from
fwo axes or lines perpendieular to one another. In other words,
a4 points position is known when its distances (perpendicular)
from two fixed axes are known. The horizontal measurements
are known as abseisswe and the vertical as ordinates. In par-
tiecular the fieure shows the relation. in an alternatine eurrent
fransmission system, between the various quantities—kilowatts,
amperes, volts, efficiency and power factor: —Given EALEF, —
2,000 volts, Line resistance — 2 ohms.  Self inductance in line
= 5 ohms. Consumer susceptance = 0.05 Mho.

Mg, 4 shows the method of using two perpendicular axes for
four variable quantitics. Thus a coal containing, by analysis,
80 per cent. carbon, 4 per cent. hydrogen, 10 per cent. oxygen,
and some sulphur., has a calorific value of 13,200 B.,T.U. per
Ib. of coal. Iig. 5 shows a special method of plotting three
variables. It depends upon the geometrical principle that the
sum of the normals from any point in an equilateral triangle
upon the sides is constant and equal to the altitude of the
triangle.  Aetually it shows the tensile strength of copper-tin-
zine alloys.  The altitude is made to represent 100 per cent.
of any of the constituents, -Any point of the diagram therefore
represents a certain definite mixture of the three constituents.
Thus point 4 on the diagram represents an alloy econtaining
13 per cent. copper, 57 per cent. tin, and 30 per cenf. zinc.
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When all sueh points have been plotted and marked with the
figures representing the particular property under investigation
(tensile strength in this ease), lines or contours may be drawn
connecting points possessing the property in question to an
equal degree. Evidently the strongest alloys contain nearly
60 per cent. copper, 1 to 2 per cent. tin, and nearly 40 per
cent. zine, Hig. 6 shows the polar co-ordinate method of
plotting two wvariable quantities. It depends upon the faet
that a points position is fixed when its distance from a pole
is known, together with the angle this distanee line makes with
a given axis through the pole. Actually it shows the dis-
tribution of light respectively from continuous eurrent and
A.C., ares. the figures marked on the radial lines indicating
candle power in these directions. Fig. 7 shows the ordinary
three dimensional method of plotting. Points are obtained by
projection from three planes mutually at right angles to one
another. These |minh lic on a surface. The ficure shows the
surface connecting the breaking streneth of cast iron gear teeth

with the pitch speed and the are action. Clearly, a solid
may be so moulded as to represent this surface. Fig. 8 shows
a cardboard substitute for a solid model.  Actnally it

shows the relation between the efficiency of an eight-foot
fan and the area of the outlet opening for various speeds,
the area of opening being designated as a percentage of
the product of the fan diameter by the width of the
periphery. Eight different  eurves are  given for eieht
different speeds. It is seen that the efficiency is a maximum
when the revolutions per minute is about 125 and the area
about 29 per cent. The construction of the solid in Fig. 9 is
dependent on the geometrical ;ll‘in('.i]lit- that the sum of the
normals from any point within an equilateral tetrahedron to
the four sides is equal to the normal from a vertex to the
opposite side. It is necessary for the sum of the four variable
quantities to be a constant, say of 100 per eent. Actually the
small shaded solid shows the only portion of the tetrahedron
occupied by the field of Portland cement, Rig. 10 shows
another type of solid. It is here a necessary condition that
for cach set of corrvesponding variables three of them should
add up to a eonstant value, 100 per cent., say., The fourth
variable (the height in the model) is unrvestrieted, The figure
actually shows 1I1(— tensile strength of copper-tin-zine alloys,
It is seen that it is merely a solid representation of the econtour
tri-axial method, or Fig, 5.

Computing Transversal Diagrams—1ig. 11 shows charts
for addition, subtraetion, multiplication and division, and
are self-explanatory.  Fig. 12 shows another type of multi-
plication and division chart. It is similar in  prineiple
to the left-hand diagram of Fig. 11, the difference being
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that the co-ordinate secales are logarithmie, it being re-
membered that adding logs of numbers is equivalent to
multiplying the numbers themselves. Fig. 13 shows a practical
application of the principles illustrated in Fig. 11. Aectually
it is a chart for obtaining the area of steel necessary in re-
inforeed concrete beams. Dotted line indicates the method of
using : thus, given effective depth=22 in., breadth=10 in.,
percentage of reinforcement=0.85, whence A4=1.87 sq. inches.
Fig. 14 shows a proportional chart, which is based upon the
well-known  *‘proportional™  property of similar triangles.
Actually the chart is for obtaining the outside diameter of
a thick pipe, on the Lam® theory, when the inside diameter, the
internal pressure, and the safe tensile strength of the material
is given. In example, p—internal pressure—4,000 1bs. per
s, inch; f=fiber stress==58,000 Ibs. per sq. ineh, am_l d=internal
diameter=10 in. Whence, f+p=12,000 and, f—p=4,000, and
from diagrams, by drawing parallel lines, D—17.8 inches. Fig.
15 shows a simple form of alienment chart for addition or
subtraction. In the charts hitherto examined the necessary
lines or scales were plotted on axes at right angles, or. in the
case of the tri-axial method, axes inelined at 60° to one another.
This is by no means a necessary condition, and comparatively
recently charts having parallel axes have been introduced and
developed.  They Il.i\v an enormous advantage over any other
type, for they can deal with any number of wvariables. To
illustrate the working in the figure, it is required to add 5 and 8
together. With a straight edge on the 5 mark on the left-hand
seale, and also on the 8 mark on the right-hand seale, it is
seen that the transversal cuts the centre scale at the 13 mark.
It would also be casy to use the chart for subtraction purposes,
.., 13 on centre seale—5 on left-hand seale—8 on right-hand
seale. i, 16 shows an alignment chart for llllllTI]ﬂlt‘ITl[)ll
and division. The prineciple is exactly that of Fig. 15—addition
and subtraction. Instead of making the divisions between con-
secutive numbers equal to one another, as in Fig. 15, the dist-
ances between the numbers are made proportional to the
logarithms of the numbers, and adding logs of numbers is
equivalent to multiplying the mumbers together. Example:
538, 5 on left-hand scale and 8 on right-hand scale, are joined
by a transversal cutting centre seale at 40. All other simple
alignment charts are adjusted combinations of charts, Rigs.
15 and 16, Fig. 17 shows an alienment chart for obtaining
the safe load (distributed or concentrated) on British standard
rails when aeting as beams. The left-hand seale represents the
unsupported span in feet, and the right-hand scale the weight
of the B.S. rail lbs. per yard. To obtain the safe distributed
or concentrated load, hold a straight edee across the outer seales
and read the result on the corresponding central scales.
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VECTOR QUANTITIES.

Computing Graphic Diagrams—Evidently a vector can
be represented graphically by a straight line: its magnitude
to some seale by the length of the line: its elinure or
ort by the clinure of the line; its sense by an arrow-
head.  Consider the case of a yacht sailing aeainst the
wind from a point A to a peint B (Fig. 18), the distance
AB being 7 miles in a direction due East. Then, when the
vessel reaches B, there is evidently a sense in which we may
say that she has sailed T miles in an easterly direction, although,
owing to the necessity of tacking, the straight line AB does
not represent her actual course, whieh is represented by w. b, ¢,
d, ¢, and f. Now, although the vessel has undercone a series
of displacements, a, b, ¢, d, ¢, f, her nett displacement is the
vector @ from A to B, A single displacement equal to ¢ would
have carrvied her from her starting point to the point where
her course ended, The veetor ¢ is said to be the sum of the
veetors a, b, ¢, d, ¢, and f. Note in particular that the sum of
a number of displacement wveetors which form a closed fioure
is zero, for the point which is supposed to undergo the dis-
placement comes back to its starting position and the nett or
ultimate geometrical displacement is zero. We must take it
as self-evident that displacement veetors are added by the
method explained above. Evidently, then, if it is required to
add together the veetors, w, &, y and z, in Figure 18, the pro-
cedure is as follows ——Make them the sides of a polygon, taking
care that their arrow heads arve civenital, then the last side
of the polygon with a non-circuital arrow head represents their
sum. It is easily seen that the order in which vectors are
added together does not effect the result. Using a system of
notation, introduced by Bow, mechanically enables the above
rules to be observed.  The vectors may represent displacements,
velocities, accelerations, momentum, impulse, forees due to
gravity, eleetricity and magnetism, ete.  As soon as we compre-
hend the statement of the addition rule we see that it vequires
no proof. This polygon rule is the fundamental rule when
dealing with vector quantities. With a few more simple rules.
or construetions, apparently most intricate and diffienlt problems
can be easily solved by purely mechanical graphical systems or
methods.  The graphie veetor method has generally also the
important advantage over the analytical method that it is
self-checking. Fig, 19 shows the graphic static method of ob-
taining the stresses in the various numbers of a camel back
and a petit truss, respectively, due to the dead load on the
structure. The resulis are obtained by drawing, to scale, vector
(foree) polyzons similar to the ones just deseribed in Fig. 18,
Fig. 20 shows more examples of graphie staties and vector
polygon analysis, AB in the upper diagram represents a
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beam carrying a varying load. Curve on 4:B: gives the shear-
g foree, curve on A, B, or A: B gives the bending moment
curve. Curve on A;B;gives the slope curve, and on A, B, the
deflection eurve of the beam. Lower diagram shows the con-
struetion for obtaining the moment of inertia of the shaded
beam seetion on the left. Fig. 21 shows the eraphic statie
method of obtaining the line of pressure in a masonry arch
bridee, and thus ascertaining its stability. Live load, dead
load and earth pressure have been taken into acceount. The
method 1s purely a graphical one and depends mainly upon
the veetor polyeon. The seience of dynamiecs is largely that of
the equivalence of veetors. IFig. 22 shows four illustrations of
”tﬂ ,\'(_]I“{iu“ (J_I_" 1;1'{}}|!t‘]]1ﬁ l.li‘illil'l;_’.' I't".‘-i[ll‘l.'ti\'l‘].\' \\'iT.'Il rhl‘ .l’vltm'!
Wheel, Centrifugal Pump, Kinematie Chains, and the Balancing

of . Rotating Masses. Fvidently graphic solutions are easily
obtained., Fig. 23 shows two indicator diagrams of gas
enwines,  This is a graphiceal representation of the pressure

inside the engine eylinder, the indicator pencil being the drafts-
man.,  Fig, 24 shows the construction of the eleetromotive and
current diagram in an A.C. transmission system, which is based
partly on the vector polygon. The results obtained from this
diu'r]'ann have been plotted to form the squared paper curves
giyen in K 1;_='. 3. g, 25.—The upper figure represents a tripod
which hll.‘:.[ci'lllh an inelined load KV, The constrnetion shows
the method of obtaining the thrusts in each leg of the tripod
by weans of the vector polygon. The lower figure It]rlt“ﬂl'lﬂs
a frame with its corners hinged to the ground and carrying ¢
load of one ton. The ([)Iith']ll'T](l]l shows the method of nh-
taining the forees in the six upper bars by means ol the veetor
polyvgon.

Before attempting to show that graphic methods are in-
dispensable, it is neeessary for us to realize that the funetions
of the craftsman and the engineer are entirely different, and
to recognize that persons engaged in the engineering industry
may be divided into two principal elasses, manual workers and
thinkers. In times gone by, manual training alone enabled the
apprentice to become a master eraftsman, for engineering was
an art. At the present time, however, a vastly leI’fmm:T training
is required to turn a schoolboy into a 1;1'{_11{-5.\1011:“ engineer, for
engineering now is an art and science. The artizan, or engineer
workiman, and the highly trained engineer constitute two dif-
ferent problems. It is also necessary fo differentiate between
the two types of highly trained engineers, the technological and
(for want of a better name) the academical. In training the
former consideration is given to the commercial and business
side of engineering, as well as the applied scientifie, while in
the latter the seientifie side alone is really dealt with, and is
consequently more theoretical than a technological course of
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study. The technologist is trained to foster through science
the development of industrial arts, and the ae: nimmml to foster
merely the development of industrial science. According to
the dictionary, as far as we are concerned, “‘technical’” means
pertaining to the art of engineering, “Ivrimuloﬁim]" to the
seience of industrial engineering, and ‘‘ac d{ii*ml(‘d] to engi-
neering applied seience.

[t is believed that for our welfare in general and the
interests of engineers® in particular the following institutions.
cach with its own definite purpose, are necessary -—

(1) The Technieal School (Junior and Senior) for the
artizan, for providing suitable instruetion for fore-
men or supervisors, and manual workers,

(2) (a) The School of Technology, for the technologi-
cally highly trained engineer, for providing suit-
able courses of study for producing scientific
advisors and designers, with due regard to the
commereial and investigation aspeet, and manag-
ers and business organizers,

(b) The University School of Engineering for both
the technologically and the applied seientific hizhly
trained engineer; for providing suitable courses
of study for (i) the technologists as in (a), and
(ii) the engineering seientist, for producing seien-
tifie advisors and designers concerned principally
with seientific research and having little regard
to the commereial aspect.

Typical examples only will be given in dealing with the
application of the wx'uph:ull nu'tlmci@, and it will be convenient
to assume that the two prineipal classes are dealt with as
follows :—

(1) Apprentice s a Technical School, takes a
technical trade course, and in the works aims at
becoming, say, a skilled mechanie, or else, wishing
to advance, continues on with his studies as below.

(2) Cadet— Enters a School of Technology or Uni-
versity School of Engineering, and aims at be-
coming a highly trained engineer, and after
eraduating enters a drawing office, prepares de-
signs and estimates, and later, in a minor super-
vising position, goes on to the actual construction
of machines or works, and ultimately attains an
important managmneui' position.

#* See paper, by the author, ° 011 Education and its connection
with the real problem before Engineering Societies,” bhefore this
Institution, August, 1916,
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1. The Manual Worker or Artizan—The object, in the
past, of the apprentice has been to become an all-round erafts-
man.  Competent all-round eraftsmen have mever been too
plentiful, and the scarcity is rapidly inereasing, for nowadays
the tendeney everywhere is toward the replacement of manual
skill, all round knowledge, and varied jobs respectively, by
automatic machinery, specialisation, and repetition work. This
substitution ends in the eraftsman hv(mmnﬂ merely a human
mechanical machine requiring no initiative. Thus modern
specialisation methods have created an unadaptable industrial
population which fosters the production of inferior workmen.
1‘_E|.- monotonons nature of the work breeds discontent, produces
dissatistaction, and ends, as we all know, ultimately in social
frouble. To successfully combat these evils it is believed that
the craftsmen, or engineer workmen, must have a sounder
Vocational (and s{}(‘!(l]) edueation than hitherto. The war has
shown wus that the competent eraftsman is the backbone of
Industry, and that his status must be raised, and real skill,
natural ‘:lah‘hulu and invention must be encouraged. Now, in
order to perform his work intelligently, to profit by and make
2ood progress in the instruction given in the classes in technieal
subjeets, an artizan must have a fair knowledge of some of
the so-ealled higher branches of mathematics. Thus, an element-
ary I\um\]mIg,,v of the caleulus is lmllapvnwablv Yet, in the
past, few apprentices or engineer workmen continued {)Il‘ after
their preliminary sehool training, with the study of mathematies,
and very few indeed reached the really use ful caleulus stage.
Undoubtedly with the craftsman the great stumbling block fo
advancement in technical knowledge Ima been in connection with
the study of mathematics, and since the removal of this ob-
struction is absolutely necessary, the author believes he is
Justified in going into the matter at length. The failure of the
old d(“l{](‘llllc mvthod to interest students of ordinary abilities
and to bring within their reach and enable them to make
practical use of some portions of what are generally, though
with little reason, called “‘higher’” mathematices, led some years
ago in BEneland to the introduetion by techmologists and applied
scientists of practical mathematics. Before the advent of this
new method attempts had been made to develop mathematies
for craftsmen, on common-sense lines, and this led to the
successful introduction of classes like technical and workshop
arithmetic, caleulations for electrical students, machine ealeula-
tions, mensuration for builders, engineering mathematies, ete.
However, undoubtedly the best attempt fo encourage and main-
tain the necessary interest, and for training to be of practical
henefit, is with a set course called practical mathematics. The
characteristic of the practical mathematical method is, perhaps,
the domination of graphical analysis and the subordination of



26 ALFRED TOMLINSON :

abstract reasoning. It follows the Applied Scientist laboratory
idea of learning by doing, and not by thinking alone. Instead
of abstract logical deduction first and particular application
afterwards, as in the academie, the symbolical deductive treat-
ment is anticipated by well-chosen particular applications at
every step by graphic and arithmetical verification, to enable
the student to elearly realize his own experience and see that
he is not dealing with an arbitrary svstem of symbols alone.
This method prepares the student for a more rigorous analytical
study of the subject. The Caleulus is introduced early, for
it iy recognised that although many mathematical rules may
be obtained by the so-called *‘elementary’™ methods, that these
are frequently only roundabout and troublesome tricks, and
are, after all, merely expedients to evade the simple notation
of the Caleulus, which are quite as diffieult for the student to
grasp as the underlying principles of the Calenlus. Thus, take
the problem of determining the moment of inertia of a rod;
when once the student becomes familiar with the easy language
of the Caleulus, all the seaffolding, which has to be so cavefully
and tediously built up to obtain a result if algebra alone is
employed, may at once be discarded. Veetors also are intro-
duced early in the course, for the important subject of mathe-
matieal and graphical veetor analysis is the common foundation
for subjects involving vectors, such at Staties, Dynamics, Hydro-
statics, Hydrodynamics, Electricity, ete. Almost immediately
after the introduction, some years ago, of practical mathematies
classes, the enrolment in the mathematies elasses in the Man-
chestor distriet, England, inereased ten-fold. Instead of having,
say, merely 50 mathematics students, the average for many
vears at a branch Technieal Sehool, or School of Technology,
the numbers rapidly inereased to 500. There have been great
incereases every year in the newer classes, while about the same
number, say 20, still continue to take the old academic course.
Throueh lack of time, one other example only of the ap-
plication of eraphical study will be given. It will be assumed
that the student enters an Applied Mechanies class. A few
vears ago, the eourse of study consisting of leetures only, was
only partially snccesstul, but nowadays a laboratory training,
in conjunetion with the lecture work, has made the course com-
pletely suceessful, owing largely to indispensable graphies. Thus
a portion of the subject, such as ““stress and strain,’ is intro-
duced in a lecture.  Sinee the definitions of “stress and strain®’
are mere convention, they have to be gotten off by heart by
the student, but the connection, within the elastie limit, between
“stress and  strainT—+the  celebrated Hookes' law—namely,
stress——strain=constant, for any given material, can easily be
verified by the student himself. Immediately after the lecture
the student, in the Applied Mechanics laboratory, proceeds to
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carry out various strain experiments on, say, glass, indiarnbber,
timber, string, iron, and copper wires, and steel bars.  [0x
periments on the various kinds of strains are made, namely :
Tension, compression, shear, bending, and torsion, Thus, for
example, a stretehed wire is loaded with known weights, and
its alterations in length obtained. Affer the student has taken
the necessary observations, the r'vsults, Hllu\\’ing conmection he-
tween the weight on the wire and the alteration in length it
produces, are plotted on Hf[llél]'t[i paper. Al average curve is
drawn evenly between the points.  This corrects errvors of
observation, and, moreover, is the most aceurate method of
correction.  Before graphical methods were introdueced, com-
plicated analytical methods, sueh as the least square, had to
be used, and they were tedious and inaccurate compared with
the simple curve method. In this ease the curve, up to a certain
point, will he a straight line, so that the law connecting the two
variables, up to a eertain limit, is such that stress—=—strain—
constant. In a similar manner by plotting results it is found
that other strains—ecompression, shear. ete.—obey the same
law. Thus from his own observations, after plotting graphs on
squared paper, the student vealizes the truth of Hookes™ law.
When another portion of the subjeet, such as “'lifting appli-
ances,”’ is introduced in the leeture, corresponding laboratory
experiments are made, for boys and men alike learn most ef-
feetively by working for themselves, with the ““do it yourself’”
method. The object is to become familiar with the ““general law
of machines,”” and in particular to determine the law con-
necting—

(1) The mean effort and the load.

(2)  The frietion of the machine and the load.

(3) The mechanical advantage and the load.

(4) The efficiency and the load.

The foree required to just 1ift the weight is obtained, and the
results entered exactly as read on a sheet. After taking all
necessary observations, the results of ealeulations are entered
also on the sheet, and suitable combinations of the results are
now plotted on squared paper and the laws so determined. It
will be seen that the law connecting—
(1) DMean effort and load is a straight line.
(2)  Friction and load is a straight line,
(3) Mechanical advantage and load is a portion of a
rect. hyperbola.
(4) Efficiency and load is a portion of a rect. hyper-
bola.
The equation to the curves, as plotted, may be obtained and
thus the laws and limitations of the machine are determined.
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Other experiments (over 80 when eomplete), all involving
graphic analysis, are fully deseribed in a book of Laboratory
Instruction and Record Sheets, prepared by Prof. Whitfeld and
the author.

2. Highly-tratned Engineer.

(a) At College—The object of the eadet is for proficiency.
for high training, for a diploma or degree, and then actual engi-
neering [)I’:l(*tll'u As stated before, it is necessary for our
welfare to have the two courses for the hlﬂ'hly trained engineer,
as sef down in the general scheme given some time ago—a
technological curriculum for the majority and an academic
curriculum for those who are specially gifted or inclined towards
the academie. This view is not altogether unorthodox, for the
trend of opinion in England is in this direction. The diffevence
between academical and technological methods of study may
be considered to be essentially the same as the differenee between
academical and practical mathematical methods. Thus the
characteristic of the technological method of study is perhaps
the domination of laboratory and graphie analysis and the sub-
ordination of abstract reasoning. As in practical mathematics
the purely svmbolical mechanical :1h-.t1al’r analysis is E'lllllL'l[hlll’fl
wherever possible by graphical analysis or dn’rlmu-fnrnl verifica-
tion.  With the great majority of students, ‘principles’
cannot be truly understood or fully comprehended until solu-
tions to particular applications have been carefully worked out,
and as the particular applications form an integral part of the
technological method, they eannot be overlooked.

The subjects taken at a University or Sehool of Technology
may be divided into two groups, thus: those which involve a
knowledge of mathematies (i, theory and design of structures)
and those which do not require mathematical analysis (i.e.,
deseriptive subjects, such as geology ).  Only eraphieal illustra-
tions from the fiest group will be considered — Obviously. &
sound working knowledee of clementary, together with some
of the so-called higher mathematics is essential nowadays for
the highly trained or professional engineer. But the engineer
needs no artificial mental gymnasties, or examination puzzles,
or by evasions of the Caleulus, during his carly stages, infinite
worry with elementary mathematies. A common-sense know-
ledee of the few fundamental principles is what is required,
for the engineer, unfortunately, has usually no time for a
complete mathematical tr: aining, the engineering currieulum
becoming more exacting every year. It is no longer undignified
to mllmlnu- particular ¢I]]]]lll‘111{}11‘3 before general theory is
dealt with. The modern engineering mathematician merely re-
oards “mathematics’ as a useful and necessary tool or appliance.
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The Sehools of Technology in England have, with great success,
adepted, partly or wholly, the newer and verile method of
teaching mathematies.

In illustrating their use in purely engineering subjeets it
will be convenient, as stated before, to use the graphical elassi-
fication used some time ago when considering the different
methods of graphing data. The illustrative or bar method is
0f oveat use in leetures, enabling students to quickly grasp and
dssimilate matter that would otherwise be troublesome. Thus
simple diagrams may be used to show—

(a) The relative strains in various materials when
subjected to a stress of, say, 5,000 Ibs. per sq. ineh ;

(h) The effect of the character of the stone upon the
cost of conerete. It is seen that if the percentage
voids is small there will be a larger mass of solid
stone in a given volume of loose stone;

(¢) A method of illustrating the relation between the
pressures and veloeities during the passage of the
steam through an impulse turbine of the De Laval
tvpe:

() The scheme of the multicellular turbine :

(¢) The heat losses in an ordinary coal suction gas
plant

and so on.

In the majority of engineering problems the number of
variable quantities which effect the result is seldom less than
half-a-dozen—often a dozen or two. Even if a result could be
obtained, a formula containing so many variables would be
100 cumbersome in practice. In consequence, in the past it has
been found expedient to introduce simplifying assumptions
I other words, to eliminate all but average essential variables.
80 that a not too involved solution may be obtained. Different
duthorities having different ideas as to what are the essential
variables obtain, with perfectly correet meehanieal mathematical
analysis, different solutions to the same problem. The general
distrust in theory is partly due to the fact, an obvious one, that
the resulting formule very often oive ervoneous results.
Clearly, unless the fundamental assumptions—the so-called
Premises or essential variables employed in deducing a law or
formula—are remembered when using the formula, serious
mistakes are likely to be made. It must be carefully noted that
mathematical reasoning alone, in engineering problems, does not
Justify the indiseriminate use of resulting formulw, for the
vast majority of our formule, for practical use, give only
dpproximately true vesults between ecertain fixed limits, It
IS surprising how many of the old theories have com-
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paratively recently been proved to be wrong. The graphical
analysis methods are to a great extent responsible for this
rationalisation, for they determine the laws, and show tendencies
and give pictures of the operations of the variables which is
altogether mueh celearer than if we merely consider the actual
law which deseribed their actions. They enable the telescope,
as well as the mieroscope, to be used. Thus, Fig. 26 shows the
normal wind pressure on roofs according to different theories.
Ounly three well-known laws, out of many, have been plotted.
Now all these formule give, as far as one knows, equally correct
practieal results, and so it may be regarded as a waste of good
time to bother much with the complicated formule, To
the tfechnological student, who wishes to apply his know-
ledge in practice, the simple straight line formula is the one
to use and become thoroughly familiar with, the other two only
being briefly considered.,  Fig. 27 shows the various graphs of
the formulw used in obtaining stresses in thick pipes, due to
internal fluid pressure.  Otherwise, using the apparently more
exact Clavarinos analysis, much time would have to be spent
in deriving it, for the analysis is fairly involved (a solution
was produced). Althongh this analysis may be regarded as
valuable from the mathematical standpoint, it is doubtful
whether it would be of any real use to the ordinary engineering
student. To the technologically trained man, who wishes to
rationally apply his knowledge, the simple Barlow straight line
formula is the one to use. This view is further emphasized
when applied to ordinary commercial produects, for the theo-
retical error, on the side of safety, resultine from its use will
generally not exeeed the actual combined error, on the side
of danger, when using Clavarinos formula, due to ordinary
range of wvariation in thickness of the wall, in strength of
material, ete.  Thus in practice the complicated Clavarinos
formula does not give more accurate results than the simple
easily remembered Barlow. Fig. 28 shows, firstly, the effect
of super-clevation on the overturning speed of a steam loco-
motive. It has been usunal to state definitely that the reason for
raising the outer rail on curves was due to the fact that it
produced great stability aegainst overturning. However, a
few years ago a technologist plotted eurves to show the effect
of super-elevating, and found it to be small and not worth
considering in practice, as seen in the diagram. Now the
formula for this overturning speed has been used many times,
but all the ftime the mathematical super-elevation-overtuming
effeet was not understood—it required plotted graphs to en-
lighten us.  The diagram also shows approximately the
derailing, or jumping the outer rail, speed in going round
eurves. It is noticed that it is invariably less than the over-
tnrning speed, so that the latter is actunally not worth bothering
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about. When considering derailing, super-clevating the outer
rail may be dangerous, for if the locomotive rounds the curve
at less speed than the normal speed obtained from the super-
elevation, there will be less downward pressure on the outer
front wheels, so that the tendency for the outer wheels to
monnt the rail will be increased.  We now know that the super-
elevation is desirable for the comfort of the passengers only.

[n Kig. 29 is a typical example of law-determinations. The
lower diagram shows autographic records of fensile tests of
various commereial steels of normal quality after annealing. It
is seen that there appears to be some eonnection between the
streneth and the percentage carbon in the steel.  Just recently
the ultimate strengths, as seen in the upper diagram, were
plotted against their respeetive carbon content and evidently
4 straieht line law exists.  The equation to this straight line is:
Ultimate strength in tons per sq. inch=>51 per cent. carbon—16.
Now. ordinary steels containing up to 0.9 per cent. earbon,
when examined under the mieroscope, after being etehed, are
found to consist of pearlite blocks and free iron blocks, Pearlite
is a conglomerate constructed of alternating sheets of iron and
comentite, and is easily recognised. Cementite is a chemieal
compound of iron and carbon having the definite formula Fe,C.
Annealed steel containing about 0.9 per cent. carbon is built
up of blocks of pearlite only. Evidently then the percentage
pearlite present — 111 2 per cent. carbon.  This seale has been
plotted in upper diagram. Obviously, when per cent. (=0
(i.¢.. where straight line cuts vertical axis) we have the nltimate
strength of pure iron or ferrite=16 tons per sq. inch. (It is
surprising how many attempts have been made in the past to
obtain the strength of ferrite—in most cases attempts were
made to produce absolutely pure iron.) Also when per cent.
(*—0.9, when dealing only with pearlite, the ult. strength is
62 tons per sq. inch.  Evidently from the diagram the strength
of annealed steel depends jointly upon the strength of
iron  (ferrite) and the strength of pearvlite, Fig. 30
shows the result of a systematic study of the properties
of all the alloys of chromium-copper-nickel, with reference to
those having possible commercial values.  In the nickel-rieh
corner of the diagram the alloys have very large polvhedral
crystals and a coarse texture, and have, nsually, developed blow
holes in castine. The alloys containing large percentages of
chromium have such high melting points and are so hard to
prepare that unless they find special and important applieations,
there is little chance of their being used commercially.  Alloys
containing large percentages of copper with chromimm show
such a marked segregation that they do not machine well and
their ehemical properties ave poor. The recion of commereial
possibilities for future investigations, which promises best from
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a mechanieal and physieal standpoint, is also highly resistant
to corrosion.

Pig. 31 shows an alignment chart for obtaining the flow of
water in C.l. pipes, based upon Flamants’ formula for C.L
pipes after a few years’ service, It is seen that the alignment
chart method offers little chance of error. Fig. 32 shows the
vector analysis method of designing reinforced concrete highway
bridges. The elevation and dimensions of the arch are assumed
and the horvizontal thrust in arch determined by polar graphical
construetion. The probable line of thrust in arch is obtained
and the stability of the areh determined. Kig. 33 shows the
vector analysis stability diagrams for dry dock design. Here
water pressure, earth pressure, thrust and arching actions are
considered. Kig. 33 (@) shows the influence line method of ob-
taining the maximum and minimum stresses in various members
of a structure, in this case a 3-pinned spandril arch due to a
live load. The comparatively new purely geometrical influence
line method should be used almost invariably when dealing with
rolling loads. Thus, for stress in KB the section XX must be
considered and moments taken about joint £. The influence
line for stress in KB is such that when the load is at W the
stress is W o< m == w.  The maximum and minimum eftect of a
load rolling over can be obtained by inspection. Uniform loads
can easily be dealt with.

(b) In the Drawing Office.

It is soon realized in the drawing office that the com-
mercial aspect—cost—is of first importance. The scalar and
veetor diagram graphical methods used at college will be the
basis of scientific designs, a few illustrations of which have
already been given. 'The opportunities, however, for using
squared paper to advantage in other dirvections, such as comi-
mereial standardization and costing, are innumerable. Thus,
in designing standard articles, the principal dimensions and
sizes should be plotted to a base of or against the size of the
objeet. For example, curves representing the prineipal pro-
portions of the various portions of, say, plummer blocks, wall
brackets, hangers, couplings, ete,, should be plotted to a base
of the size of shaft when any diserepancies or irregularities can
be detected and remedied at onece. [t is really surprising how
many straight line laws exist. Similarly, the fundamental sizes
for steam engine design may be plotted to a base of diameter of
evlinder or horse-power, when it will be seen at a glance where
the various parts are deficient or in excess compared with the
general tendeney of the series.  Mig. 34 shows some of the results
obtained from a series of single-evlinder steam engines. The
diameter of piston rod, erank shaft and cross-head pin have
been plotted respeetively to a base of a diameter of cylinder.
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It is seen that the piston rod and eross-head pin for the 9 in.
and 10 in. eylinders are weaker than the average. Curves
should also be plotied for the sizes of the more important details,
such as stuffing hoxes (plotted to base of size of spindle), eon-
neeting rod ends (plotted to a base of diameter of pin), ete.
With a standard series of curves such as this for the guidance
of the draughtsmen the work is kept more uniform. In
struetural design hefore the stresses in the various portions
can be obtained their probable weights must be known. Fie.
35 shows typieal examples of the weight of railway bridees,
Evidently after desiening sinele track deck plate givder bridges
for various spans and live loads the actual weights have been
plotted to a base of the span, and the even curves obtained,
As before, diserepancies or irrvegularities can easily be detected
and corrected. By interpolation the weights of similar type
bridees of other spans can be obtained. The curves may also,
of course, be used for type comparison purposes.

Curves showing actual costs of all the standard sizes of
the speelalities made by a firm arve of the greatest possible
assistance to the estimating department. For example, curves
showing the nett cost of various plummer blocks, wall brackets,
hangers, couplings, ete., should he plotted to a base of either
the size of shafts (d) or diameter of shaft squared (d)=2.
Similarly with steam engines, Fig. 36 shows the cost of com-
pound tandem steam engines, of high class design, including
rope, flvawheel, and jet condenser, plotted to a base TIHL.P.
developed when working with steam at 100 lbs. pressure ex-
panding ten times, at a piston speed of 600-T00 feet per minute.
In this case the law of the cost eurve is approximately—

Cost 1n £'s— 2,75 (L.LH.P.) 4 440,
The cost per ton of nett weight is also plotted to the same base,
shewing the nnitormity of the series. An additional enrve for
comparison with other types of engines could be plotted showing
to a base of 1.H1.P, the cost of engine per LILP, Fig. 37 shows
the actual cost of planing machines plotted to a base of lenagth ¢
width planed. The straight line law is-

Cost in £'s — 3.35 (length ft. 3 breadth ft.) - 60.
Again, where repetition work is done diangrams showing the
cost of machining preecisely similar articles and machining
different sizes are very valuable. For example, Fie. 38 shows
the cost of turning and bering various diameters of fly-wheels
plotted to a base of diameter of wheel. Aeain, where bonus
or other systems are in use, squared paper affords a ready
means of checking the prices for the various sizes of standard
articles made. Thus, Fig. 39 shows the bonus price paid for
moulding small c¢ylinders for rotarv pumps, plotted to a base
of capacity of pump in gallons per minute. In this case the
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smaller sizes were moulded in the sand from iron patterns.
but the larger sizes were struck up in loam, with strickle boards.
It is seen that the prices paid for the various sizes fall almost
exactly on two straight lines. In estimates for structures.
diagrams similar to Fig. 35, giving, in this case, the probable
weights of steel work, enable rough cost or preliminary esti-
mates to be determined. Practically all drawing office work
is done under the compulsion of a time limit, often a wvery
short one. An engineering system has to he in operation af
a certain date, or machinery has to be designed and eonstructed
in time to catch a certain steamer, and it is necessary that
drawings be prepared, and orders and work placed sufficiently
in advanee of these dates, so that promises may be fulfilled.
In order that estimates may be produced in sehedule time, it
will be necessary when the number of estimates is laree to
se a progress chart,

Fig. 40% is a typical example of a drawing office progress
chart. The key at the top of the chart explains the meaning
of the symbols, and the time division by weeks (approximately)
is apparent. The order of the method of working is as follows :

(i) Making out a list of the main items of machinery
or work and placing them in convenient order
under the **Subject™ column,

(ii) Then, using red ink, the forwarding or shipping

date of each item is indicated by the letter 87
in the case of material, or **d” in the case of
drawings. Knowing from past records the prob-
able time required to obtain delivery, the letter
0, indicating date at which order must be
placed, is next located in red a corresponding time
before the “8."" TIf it takes a month, say, to
obtain bids, and place an order after the drawings
and specifications leave the office, the date at which
they should be sent ean then be indicated by a
ved D7 sufficiently in advance of ““0.”" The
dates at which it will be necessary to start such
drawings can be indicated by a red “*X."" Red
lines should then be drawn connecting X' and
“D' in order that the “‘vital period’ may he
more foreibly expressed.  An inspection of a chart
thus preparved will show the chief draftsman
at a glance the magnitude of the work ahead, and
enables him to make the necessary provision for
carrying it ont. In practice, of course, many con-

" Quoted from Davis: “Engineering Office Systems and Methods,”
Chap. X.
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ditions which cannot be foreseen will arise to alter
the ideal sehedule, but these uncertainties are not
sufficiently great to counteract, in any large de-
gree, the value of the schedule,

—

As the drawings are sent out and orders placed,
these events may be noted by properly placed
marks, ““D’" and 07" in black ink. At the time
the black 07" is marked, the letters ““A"7 (con-
tractor drawing approved) and “‘d’ (drawings
to the field) should be placed in red. These
letters in black show that this part of the work
has been disposed of. and theyv are also valuable
for future schedule planning. At convenient in-
tervals, say once a week, the chief draftsman, by
running down the list, may inform himself of the
progress of the job, and make necessary arrange-
ments to hurry up any part that may be falling
behind the schedule. A pencil cheek mark at the
head of the list may be used to indicate when such
inspection was made.

(iv) When the material has been shipped or forwarded
and drawings sent to the works (indicated by
black **S"7" and **d’"). a blue cheek mark at the
end of the line will show that the work on that
item is closed,

Progress charts will be dealt with generally under the mext
heading,

(¢) Inthe Works.

Here again the plotting of the results of working will bring
into prominence many inportant points which would otherwise
be overlooked, and also enable opinions on costs, progress and
performance of work to be corrveetly and guickly formed. It
eliminates, as far as possible, mere gunessing. 1t is, perhaps,
unnecessary to state that the charts used by one company or
concern can hardly ever sucessfully be appropriated ‘‘holus
bolus™ by another. Fig. 41 shows a chart for track re-construe-
tion. 1t was prepared by a street railway company to ensure
restoration of street serviee within the time granted. A little
study of the chart will render its utility clear. A system of
colonrs to show the relation of the ““work performed’™ to the
“work planmed’” will also be snggested. A typical example of
combination cost and progress charts will now be eiven for a
conerete construetion job. Three proeress charts ave made out
—one to cover labor cost only. one to cover expenditure in
materials, and a third giving a summary of the other two. Fig.
Fioure 42 (a) shows the chart for expenditure for lahour.
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About two-thirds the way up from the bottom a heavy
horizontal line is drawn to represent the estimated quantities
and costs, or 100 per cent. This line also represents the time
for completion as shown in the contract. To illustrate the
method of construction, suppose it is estimated that 4,000 cubic
yvards of concrete are required, and the total time for completing
the work is 4 months. If at the end of the second month there
are only 1.000 cubic yvards in place, the cross hatching under
column headed “*Concrete cubie yards actual™ will be advanced
from where it was the previous month to a point, 1,000 cubic
vards - 4000 cubie yards > 100 per cent. = 25 per cent. from
the base line of the chart. In the same coliinm the same style of
cross hatching (only dotted) will be advaneed to a point 2 months
—— 4 months > 100 per cent. — 50 per cent. from the hase line.
This shows, of course, that for this particular item that it is
only 25 per cent. completed, when to finish according to schedule
time 50 per eent. should be completed. The valuable unit costs
for each month are written in small fieures in the fotal cost
column. Figure 42 (b) shows the chart for expenditure on
materials of construetion, construeted similarly to Figure 42 (a).
Figure 42 (¢) is merely a summary of the two just deseribed,
together with the plant expense chargeable to that job. The
first cost, in the case of new equipment, and the invoiced value,
in the ease of second-hand, is charged directly on each job as
it is placed on the work. Then the invoiced value, if moved
to another job, is given as credit, leaving the balance as the
depreciation or cost of plant for that job. One striking advant-
age of charts of this nature is that on the final entry being
made they stand as completed job summaries, both as to details
and as to totals, and filed away with a construction progress
drawing form a wvery complete reeord for use in estimating
other works. Fig: 43 shows a typical chart for monthly com-
parison of manufacturing costs. The method of compilation is
apparent. [t is evident that as long as the area under the sixth
line does not project above the seventh line there is a probahility
of profit.

(d) General Manager or Modern Consulting Engineer.

Progress charts similar to those already considered under
(b) Drawing Office, and (¢) Works, will, of course, be used
by the general manager. An organization chart, kept up to
date, of the ‘‘family tree’ type, is essential nowadays, for it
has the following advantages:—

(i) It clarifies the general manager’s or chief engi-
neer’s own ideas, compels him to justify the
existence of his prineipal assistants, and ecalls his
attention to desirable increases or decreases in the
size of his staff,



STUDY OF INFORMATION BY GRAPHICAL METHODS. 37

(i1) 1t enables the department or concern to detect
faulty organization methods or to make helpful
sugoestions.

(ii1) It shows the men to whom they are responsible,
and so eliminates disputes as to authority.

The two following fieures illustrate in a foreible manner
the pelation of the engineer to capital, labour and production.
Fig. 44 (a) shows the method of organization, if any, at the
beginning of this industrial age. Capital and Labour are here
represented without organization. The owner and workman
(that is, Capital and Labour) intermingled as one to achieve
production. Fig. 44 (h) shows the method of organization
recently put forward as the best under modern conditions. It
1§ noticed that the ““‘capital’’ and “labour’’ are controlled and
broueht together by the ‘‘ehief exceutive.™

The remuneration of labour problems are generally some-
what involved. As is well known, day work is the oldest form
of wage system and the most widely used, and under it the
workers are paid by the hour, day or shift, regardless of the
quantity of work produced. Piccework is the second oldest
form, and, next to day work, is the most commonly employed,
and under it employees are paid by the piece, regardless of the
fime taken. There is little difficulty in understanding the
above systems, but with the newer premium or bonus wage
systems, which recognise both output and time taken, the
assistance of charts or graphs are necessary for a clear under-
standing of the various featurves of the different systems. It
is, however, exceedingly diffienlt to reduce them to a perfectly
fair level in order to make a comparison. Thus in some wage
systems, noticeably differential piece-work and the Gantt bonus
system, the exeeptionally fast and skilled worker is taken in
determining the base, standard or specified time, while in other
systems the average worker is used.  Fig. 45 shows some graphs
of the rate and wages of various wage systems. In straight
piece-work the price has here been taken to he the same as
in the premium systems when the piece is completed in the
so-called base or standard time. In the Halsey premium
system, the time saved is usually divided equally between the
employee and the employer, for case in figuring, but here has
been taken as 40 per eent. to the employee Jin order to compare
with the 20 per cent. of the Emerson bonus system. In the
Cardullo diminishing premium system, N has heen deliberately
set at 2 to distineuish it from the Rowan preminm systemn,
while in the Ganftt system the bonus has been arbitrarily fixed
at 50 per cent. From curves evidently, as with the wvarious
systems of piece-work, each premium system has eertain speci-
ally weak features attached to it, Thus, for example, the
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Rowan system is not easily understood by the employvee; the
Cardullo system favours the interests of the employer, even
more than the Rowan; the Gantt, like differential piece-work,
fails entirely to recognise the Aect made by the employee if
the standard or specified time is exceeded; the Goldman sys-
tems are rather too (‘.Oln]l]i(.-atm'l: and [:—lsﬂl\', the Hzi!sc‘\'.
Emerson and Gantt systems are too liberal to the employee.
In the shipping of machinery or other material from a
manufacturing establishment to the site of an engineering de-
velopment certain forms have to be filled in, rules of the
road complied with, ete. The details of the work are often
complex and bewildering to those unaceustomed to the routine.
Diagrams similar to Fig. 46, of procedure in ordinary domestic
shipping, in which the numbers indicate the order of procedure,
throw considerable light on the subject.  Thus, the goods having
been properly marked and weighed, are taken to the freight
office of the railroad, accompanied by a detailed shipping list
if the consienment is large and varied. A receipt for them
is eiven in the shape of a bill of lading signed by the freight
agent. Laree shippers, however, usually make out the bill of
lading themselves, and it is simply signed by the agent. The
agent makes out a way-bill, describing and rvouting the ship-
ment, for the use of the freight conductor; on arrival of the
coods at their destination, this way-bill is turned over to the
receiving freight agent, who then sends to the consignee a
freight bill and notice of arvrival. In the meanwhile the manu-
facturer sends to the purchaser an invoice or bill for the goods,
the bill of lading, and a copy of the shippine list (if any).
The [)llltllﬂ‘wl' then presents the bill of lading to the agent at
the receiving station, pays the freieht bill (if not prepaid), and
takes away the goods. After checking them against the shipping
list, and being satisfied of their good order. a cheque in payment
may be sent to the manufacturer and the transaction closed.
Diagrams for export shipping may be prepaved in a similar
way.

Muech of the work of the general manager or chief eneineer
is the consideration and recommendation of schemes, and
eraphs will always help him scientifically. Thus, for example,
he may be faced with the choice of a prime mover for a power
station, g, 47 rvepresents eurves based on costs in England,
Fehruary, 1‘!14 showing the costs of power stations in £’s per
k.w. capacity, including electrie generators, switchboards, build-
ing, foundations, eranes. It is easily seen that, as far as the
disgram is concerned, with power stations over 1,000 k.w.
capacity, steam turbines alone are to be considered. Other
diagrams are, of course, necessary for a proper understanding
of the problem. Thus diagrams arve required plotted to a base
of eapacity of plant in lkw., showing cost per k.w. hour, re-
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spectively, of oil, waste, water, and stores, and management,
salaries and wages, and cost of repairs and maintenance. With
diagrams a rational understanding can, comparatively easily,
be arrived at.

The advantages of the graphical methods of study, as we
have seen, are as follows:

(1) They present a picture, or bird’s eye view, by
which the mind’s eye ean comprehend, at a glance,
the nature of the relationship or variation between
guantities which are dependent upon one another.

(2) They provide for an easy detection of any nnusnal
variation.

(3) They are a great time-saving device,

(4) They correct for errors of observation and eal-

culation, and are often self checking.
(5) They enable laws and empirvieal formule to he
casily determined.

It is noticed that through lack of time the many self-
recording curve deviees, so necessary nowadays, which neces-
Sttate praphic analysis, have not been dealt with. It is
Iteresting to note, however, as we have seen, owing to the
fact that many of the graphical analysis methods (partieularly
the veetor) arve purely geometrical, that mechanical machines
or instrinments may be constructed to give the required results.
Thus, the well-known Planimeter or Integrator is used for
Zraphical integration (i.ec.. for obtaining areas). Another in-
Strument, the Integraph, not so well known, differs from the
Planimeter, for it draws a curve of areas such that the ordinates
represent the area of the given eurve up to this ovdinate. The
Miferentiator instrnment is used for eraphical differentiation
(4.e., for obtaining slopes).

The fundamental sciences of engineers—mathematies and
Physics—are, for our benefit, being re-written in graphical
danalysis,  Graphies are everywhere used in designing bridges,
buildines, ships, engines. machinery, and electrieal equip-

ment. We realize that charts are necessary in works of
Construction, management and organization of engineering
Mdustey.  Graphie methods are indispensable to engineers.

Finally, it is evident from the few suggestions put forward
I this paper of the study of data by graphical methods
that it is a means for lichtening the ever-egrowing technical
dand industrial burden, not by doing less, but by doing more
M much easier fashion.
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SOME THOUGHTS ON RECONSTRUCTION AFTER
THE WAR.

(By PROFESSOR SHANN.)

On September 5, 1917, Professor Shann delivered an inter-
esting paper on the above subject.

END OF VOLUME VIII
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PROCEEDINGS—WESTERN AUSTRALIAN INSTITUTION OF ENGINEERS.
(Incorporated)

The Institution is not responsible, as & body, for the facts and opinions advanced
in any of its publications.

GENERAL. MEETING HELD AT THE INSTITUTION'S ROOMS ON
157 May, 1918,

PRESIDENTIAL ADDRESS,
By J. R. W. Garpam.

In opening this session, | wish first of all to express my
sincerest thanks to you for honouring me so highly by electing
me your President, and 1 hope by giving the position every
possible attention to maintain the dignity it has attained by the
efforts of my predecessors in the chair, and I ask vou all to
help the objeets for which this Institution was formed, by
taking an active part in its proceedings and promoting its wel-
fare,

We still find the whole world engaged in this agonising war,
but the sorrows attending it will have been well endured if
the enemy’s elaims to world domination are cternally vanquish-
ed. We look forward to the day when we can welcome back
our splendid men, who have horne the hardships and dangers
at the front that Australia may live.

Though the destruetion during the war has been so appall-
ing, we may, however, find some gleams of consolation in the
awakening of British manufacturers to the possibilities of more
efficient workine and methods, the sharpening of the inventive
faculties of those who have had by forece of circumstances to
meet unsuspected and immediate demands, the great lessons
of how organisation can facilitate the handling of immense
quantities of material and of men, and, above all, the urgent
necessity of not only the Empire, but of Australia, being so
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self-contained that mever again shall we find ourselves de-
pendent for many vital necessaries on foreign countries, that
might at any moment become our enemies. The war has shown
us our immense resources, most of which were hitherto neg-
lected ; it has drawn attention to the importance of scientific
research ; it has made us learn to make the most economical use
of what we have; and it has emphasised the importanee of
the engineer both in war and in the peace to follow,

This Institution has a very valuable function to perform
in bringing engineers into closer contact with one another,
and we can benefit each other by disenssing freely subjects
of an engineering character, and by exchanging our experiences.
To prepare a paper for reading before members causes us
to study the subject anew and seelk the latest information
concerning it.

The time is opportune to unite with kindred societies
throughout Awustralia in the formation of a Tederal bodyv to
safeguard the interests of the profession and to give them
their proper status in matters of national importance, and I
sincerely hope the conference, to which we have sent two dele-
gates, will find it possible to frame a constitution acceptable
to all the participating bodies. We do not wish the proposed
Institution fto concern itself with trading problems, nor with
wages or salaries disputes, nor to compete in any way with
the work of the participating seientific and professional societies,
but we want it to be able by the selection of the hest men in
the profession to speak as a body as truly representative of the
whole engineering profession in Awnstralia. The qualification
for membership of the numerous societies very naturally differs
considerably, but the Australian Institution will be in the
position of admitting only the most qualified to full member-
ship, and consequently to be a member of that body will be
a hall-mark to one’s status which will be as wvaluable as
membership of the pavent Institutions in Great Britain.

Our comparative isolation from the manufacturing coun-
tries has awakened us foreibly to our failure to malke use of
the profuse natural resources we have available. Though we
have iron, lead, copper and tin in abundance, our local re-
quirements were not met, but practically the whole was sent
out of the country to be turned into manufactured eoods.
Until about a year ago not a sheet of copper was rolled, nor a
copper tube drawn, for the very humiliating reason that the
Germans had entire control of all the copper produced.

All this is being rapidly remedied, and industries arve
springing into existence, aided by the high prices now obtainable.
which gives them good time to become well established hefore
prices again become more normal,
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The iron and steel requirements of the Commonwealth
open up a large field for this industry, as in 1913 no less than
7% million pounds’ worth was imported, including about 150,000
tons of steel rails per annum, and £2,000,000 worth of plain
and corrugated iron sheets.

At last the iron and steel industry is firmly established,
and every praise is due to the courage and enterprise of men
like Wm. Sandford, who erected the first blast furnace at
Lithgow, N.S.W., some twelve years ago, whieh plant, surviving
many troubles, is reapinge the benefit to-day, and to the courage
of the Broken Hill Proprietary Co., which has expended over
21 millions on the steel works at Neweastle.

This Company is the fortunate owner of the richest iron
ore deposit in the world, the average yield being 68 per cent.
of metallic iron, while in England the ore averages about 30
per cent., in America from 50 to 55 per eent.; thus the
superiority of the local ore is shown by the statement that 1%
tons of ore will produce a ton of pig, meaning a considerable
saving in coal and flux, compared to the United States, Sweden
and Russia, which require two tons of ore to the ton of pig
iron, 2.4 tons in Great Britain and Germany, and about 2.7
tons in France and Belginm.

In addition, the Company owns lime-stone deposits in
South Australia, and the steel works being built at Newecastle
enables them to obtain unlimited supplies of coal.

The magnitude of the last mentioned works is indieated
by their operations for the month of February, which showed
that their blast furnace produced 10,534 tons pig iron. The
open hearth furnaces, of which they have seven, produced 11,665
tons steel.  The Blooming mill produced 10,660 tons steel ingots
and the rail mill rolled 5,986 tons of rails and structural steel.
Over 200 tons of 12 and 22 ft. plates, of varying thicknesses
from 3 in. upwards,-were rolled, and the S-in., 12-in. and 18-in.
Merchant mills produced 2,490 tons of lieht rails, bars and rods.
An additional blast furnace is under construetion, and the 78
coke ovens, which in February made 11,210 tons of coke, 115,062
gallons of tar and 135 tons of sulphate of ammonia, are being
added to by 54 ovens, which will then make 300,000 tons of
coke a year.

At the Melbourne works of Chas. Ruwolt. a side-blown
converter (a modification of the Bessemer process) has been
put down, which is capable of making steel eastings ranging
in weight from a pound or so up to 8 or 10 tons, and is turning
out large quantities of castings for rolling stock, mining work,
gearing, ete., of various classes; and in other parts several
foundries are being established to carry out similar work.
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Now that bloom and ingots can be obtained in any guality,
this enables many manufacturing plants to produce the finished
article, while iron and steel castings ean now be turned out of
any size.

Electrolytic copper has been produced in N.S.W. for
many years, but now solid drawn tubes and copper sheets are
being volled, whilst large works have been built for drawing
copper wire.

Corrugated iron is a commodity that has inereased in cost
five-fold since the beginning of the war, but now works are
being erected to meet the demand.

Onee the raw material is available in form suitable to the
manufacturer, there is practically nothing of any engineering
character that he cannot build, and in many respeets this has
been proved by the railway locomotives, stationary and marine
engines of considerable size, steel ships, compressors, pumps,
and even electrical machinery, which have been constructed.

While all this is practicable, given the material and the
necessary skill, the matter of cost is secondary under present
conditions, but this will not continue after the nations have
returned to their saner pre-war occupations, and excessive tarif
protection will not enable the high-wage go-slow policy of the
unions to keep ount competition. Good wages are essential to
the welfare of the community, but the endeavour must be to
devise machinery which will inerease production to the greatest
extent, and the workers must not hinder that realization.
America has shown that high wages can be paid if unlimited
produection is permitted by the introduction of labour saving
deviees, but our labour leaders discourage production by limit-
ing the number of machines a man may tend, by not allowing
unskilled men to do unskilled work, by limiting the number
of apprentices to an absurd fisure. The Aunstralian workman
is as intellicent as any workman in the world, hut he is not
allowed to use his skill to the best advantage, and the lahour
leaders are ignorantly short-sighted if, as I understand, they
hold the view that the less work a man does the more labonr
is required, for industries cannot be increased by these methods,
whereas the more industries we have the greater the demand
for labour.

What can be said of labour whieh is creatine the present
position? In the year 1917 there were 444 disputes, involving
1,941 establishments and 174,000 workers, who lost 4,689,316
days, representing £2.641,735 in wages, the most extensive dis-
pute during the year being the obviously insincere objection to
the card system. In ten years in N.S.W. wages increased more
than 50 per eent., an average of from £97 to £147 per annum,
while the number of able-bodied unemployed was in the last
quarter of 1917 the worst on record.
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‘While polities are rightly barred from our proceedings,
I would point out that the initiation of mew industries is
receiving a severe sethack by the War Time Profits Tax, which
bears heavily on young or new industries and not at all on
the concerns which made huge profits before the war. New
industries are beset with other difficulties enough, and capital
will not be fortheoming fo assist them if sufficient profit is not
allowed to be made to carry them over the attendant losses
and the time to come when competition becomes keener.,

The completion of the Transcontinental Railway between
Kalgoorlie and Port Augusta is an epoch-marking event in this
State’s history, and while we have been a part of the Australian
Commonwealth for seventeen years until this connecting link
became a fact, separated as we were from the nearest State
by four days’ ocean fravel, it was difficult to realise we were
a part of the same great country. Since the official opening,
however, which took place on November 12th, 1917, we feel in
closer touch with our partners in the Commonwealth,

The line is 1,053 miles long, of which 454 are in Western
Aupstralia and 599 in South Australia, and though of engineering
diffieulties there were none, it was over five vears after turning
the first sod before the line was opened for traffie.  The time
taken in construction was lengthened by the frequent strikes
of the men employed. though high wages and every consideration
for their comfort was afforded them, and to delays in deliveries
of supplies from overseas consequent on the war. The cost of
construction, which was estimated at £4,045,000, has been con-
siderably exceeded, and although the line has yet to be ballasted,
the cost to date is 61 millions. This is partly acecounted for
by large increases in the cost of materials and impl‘ﬂ\’elm‘llts
on the original design, but more particularly is a condemnation
of the day labour system.

At present the average speed attained is about 30 miles
per hour, but when ballasting, which is now being proceeded
with, is completed, an average speed of 44 miles per hour,
including stops, will be attained; the time then oceupied will
be 24 hours between Kalgoorlie and Port Augusta.

Some of the conditions met with in the construetion of
this line were unigue, and probably no similar length of railway
in the world’s history has been built where natural aids have
been so absolutely lacking. In its entire length there are no
permanent streams, and on a streteh of 840 miles there was
only one known souree of water supply; for nearly 800 miles
the country was without a trace of settlement, and for 450
miles even firewood was unobtainable.

The absence of water along the route was one of the main
obstacles, as probably no part has an average rainfall of as
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muech as ten inches per yvear, and for the most part the surface
is so flat and the soil so absorbent that dam building would
be of no use. Accordingly, dams have only been built for the
first 150 miles at this end, and the first 250 miles at the Port
Augusta end, and along these distances storage has been provided
for 50 million gallons. Many bores and wells have been sunk
along the line, but the quality of water in many of them was
found unsuitable for locomotive use, while in one stretech of
150 miles every bore put down gave salt water, and in two
places condensing has had to be resorted to.

The country through which the railway passes is unpromis-
ing. The first 167 miles from Kalgoorlie runs over a granitic
platean covered with salmon gum and other eucalypts and
sandalwood, then for 450 miles is a limestone plain on which
there is no vegetation but bluebush and saltbush, then follows
the sandhill belt for 50 miles, after which to Port Augusta
the country is varied and mostly well timbered with black oalk,
myall and eucalypts. The possibilities of the ecountry traversed
have vet to be discovered, but there is no doubt that the lime-
stone country is suitable for ecattle and sheep, while much
wealth may ultimately be won from the aunviferons belt at
both ends of the line.

The Government eleetrie power scheme should prove of the
areatest assistance in promoting industries in and around Perth
hy providing cheap electrical power. 1t has now been in opera-
tion for over sixteen months, and has already reached a profit
earning state. It was feared when started it might prove to
be of too large capacity unless railway electrification was pro-
ceeded with, but by judiciously offering attractive rates to
long-hour customers the load has risen to considerable dimen-
sions, for with the present demand and what is alveady
contracted for, the conmected load will total 17,000 K.W., which
will make a maximum demand on the station of 7,500 K.W..
and consume approximately 17 million units per annum. This
is made up of the following diverse loads :—Town lighting and
power at Perth, Fremantle, Midland Junetion, Guildford, West
Guildford, North Fremantle and Coftesloe; tramwayvs at Perth
and Fremantle. fAour-milling at Perth and Guildford, metal
rolling at Perth, superphosphate works at West Guildford. en-
gineering works at the Naval Base and Midland Junction, the
wireless station at Applecross, the military eamp at Blackhoy
Hill, the Greenmount Quarries, and the eleetric steel furnace
at Midland Junection.

The seheme has proved itself eminently suited to its pur-
pose, and though the periodicity of 40 cyeles per second has
been much criticised, while it is a convenient mean frequency
teehnically for all purposes, the fact that it differs from the
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standards in England and Australia renders all apparatus for
its supply to be specially construeted for it, thereby increasing
the cost, limiting the stocks available, and delaying deliveries,
which are very serious objections and would have been obviated
had the consulting engineers properly investigated loeal con-
ditions before putting their ideas into effect to our disadvantage.

In view of the inception of an electrie steel furnace in this
State, members may be interested in a deseription of the method
employed, together with some remarks on steel making in
ceneral,

Steel may be defined as purified pig iron which has heen
cast while in a molten state and in which the carbon and im-
purities in the original pig iron have heen reduced. This is
attained by oxidation, by dilution with a metal of lower carbon
content, or by exidation and dilution combined. Steel contains
from .15 to 2.5 per cent. carbon, while pig iron contains from
2.5 to H per cent. In redueing ores in the blast furnace rough
metals are obtained which contain many impurities, principally
silicon, sulphur, phosphorus and manganese, and in the fining
process these are eliminated by oxidation. In the open hearth
process the carbon is utilu'ml by mixing low carbon mixture
with the pig iron, and in the Bessemer process by |)||1m|w' the

carbon out of the pig iron. When the final stage is u.m.lu o,
.‘-\I]Il'f"l’]('l‘si n or ferro manganese are added. The affinity of
manganese for iron is less than that of manganese for oxyeen,
and Hu» efore manganese reduces the iron oxides by forming an
oxide of maneanese, which with silicious slag forms silicate
of manganese, which remains in the slag and at the same time
renders it more liquid.

The linings in either of the two processes may be aeid,
that is, silicious: or basic, that is, magnesia or other refractory
material.  In the basie furnace high phosphorus ¢an be elimi-
nated by adding lime, but in the acid furnace the silica lining
would reduce the different phosphates in forming silicates
going to the slag and phosphorie anhydride, which would remain
in the bath and would be reduced by the carbon, thus the
phosphorus would remaiin.

The open hearth process consists of a reverberatory furnace
on the hearth of whieh is placed the pig iron and other materials
to be melted, and the high temperature required is obtained
by burning combustible gases produced in gas producers, in
the furnace.

The Bessemer process consists of a converter, in which
air is forced under pressure through Tllv molten pig iron as
it comes from the blast furnace, which oxidises the iron, forming
oxides of iron, which are in turn reduced by the impurities
to be removed,
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The electric furnace economically produces the highest
temperature obtainable, it gives positive control of temperature
and time, it produces more steel in a given time than other
methods owing to more rapid melting, it does not contaminate
the charge through gases and other mpurities as occurs in
other systems, the metal is melted in a neutral or reducing
atmosphere, and the refining can be carried to a very high
degree.  Whereas the open hearth and Bessemer processes are
strictly limited, the electric furnace may produce steel equal
to any of the other processes.  While consideration must be
given to the cost of doing so, for if only the cost of power
18 compared with the cost of fuel in the open hearth furnace,
the eleetrie furnace would not be commercially feasible and
cannot compete with the blast furnace for smelting iron ores,
but it is the best means of producing high quality steel and
will produce steel as good as that made by the crucible proeess
at a competitive cost.

It is stated that over 470 eleetrie furnaces are already in
use throughout the world. Of these, about 200 have heen
installed in America, producing annually 1.200,000 tons of
steel, the largest furnace being at the Carnegie Steel Works,
which is capable of working up to 30 tons, produces 6 heats
of steel per 24 hours, and is said to consume only 175 KW,
hours per ton working on hot metal. TIn Canada there are 54
furnaces, producing 230,000 tons per annum, included in this
beine the largest eleetrie steel plant in the world, producineg
70,000 tons per annum.

There are many types of electric furnaces, comprising the
Radiant Ave type. of which the Stassano furnace is typieal,
and which melts the metal by the heat radiated from the arve;
the Are Conduetion type, of which the Heroult furnace is an
example, in which the current passes from one eleetrode through
the are gap, along the surface of the metal, through the are gap
back to the other electrode, or the Girod furnace, in which
the current passes from the electrode through the arve gap to
the wmetal, thence to the conducting bottom of the furnace;
the Induetion type, as in the Kjellin furnace, where the metal
bath is in the form of a ring, which is the short circuited
secondary winding of a transformer embedded in the furnace
itself; the Direet Resistance type, such as the Acheson furnace.
in which the eleetrodes come into contact with the charge which
forms the resistance; the Direet Radiation type, such as the
Hoskins furnace, where the resistor is in contact with the
erueible and heats the charges by direet radiation: and the
Indireet Radiation type, such as the Bailey, where the resistor
heats the charge by reflecting the heat from the enclosing walls
on to the charge.

The one, however, that is now almost exclusively used for
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steel making is the Are Conduction type, and as it is of this
type that the furnace being installed at Midland Junection is
one of the most modern examples, T will briefly deseribe it,

The furnace is known as the Electro Metals or Gronwall
type, and uses 2-phase current obtained from the 3-phase supply
through the static transformers Seott connected. A separate
phase is connected to the two electrodes, which passes through
the roof of the furnace, where they are water-cooled. These
electrodes arve raised or lowered as requird by two motors con-
nected to the gearing. The third eleetrode is situated below
the basic lining and acts as a common return to the two phases.
The enrrent, therefore, flows from the transformers to the
electrodes by copper leads, thence across the are gap throueh
the metal charge through the bottom lining to the bottom
electrode and back to the transformers. The advantage of two
phase working is that the cirveulation of the molten steel is
improved, thus helping the refining action of the slag lving
on the metal and distributing the heat evenly throughout the
whole mass: it also is less severe on the supply system; as one
arc may be interrupted without affecting the other, whereas
in a single phase furnace the whole power would be cut off.
This type of furnace is also preferable to the Heroult type. as
the latter has the disadvantage of surface heating, which is
undesirable, as the ferro alloys required in high quality steels
sink to the bottom and accordingly do not melt so quickly,

The furnace itself is of steel plate construetion and mounted
on rocker castings, so that it can be tilted to draw off the slag
or to run off the whole charge into the ladle, this gearing heing
actuated by a motor. The hearth is of basie refractory material
and the walls and roof of highly refractory bricks, The steel
frame of the roof is separate from the rest of the furnace, so
that it can be quickly removed for renewal of the linings.
Suitable doors are provided for charging the furnace and for
running off the slag and product.

As the amount of enrrent taken by the furnace is adjusted
by raising or lowering the electrodes, it is usual in some of
the larger furnaees to keep the current steady by actuating
them by moters automatically controlled, but in the one to
be erected here, which will have a capacity of 3 tons per charge,
the electrodes will be operated by hand, as it is not considered
that any advantage would be gained by antomatieally controlling
them.

The usual practice in working an electric furnace is as
follows :—

The charee, consisting of steel scrap, which may have
practically any analysis, is placed on the hearth, the electrodes
are then lowered and the eurvent turned on. Pools of molten
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metal soon appear round the electrodes, and an oxidizing flux
of lime, sand and spar and either ore or mill seale is added,
which, when the charge is entirely melted, takes up the phos-
pliouv-.. forming ]lllﬂ'-« yhate of lime: the carbon, silicon and
manganese in the serap are oxidized and their o‘mle»« are dis-
solved, some of the sulphur is also oxidized and passes off as gas.
The slag is then drawn off and a new purifying slag, consisting
of lime spar and sand, is formed to recarburize the bath in
order to give the required carbon to the steel and to deoxidize
it, as it has become oxidized, due to the oxides of iron in the
scrap and the oxidizing h]d,‘.’,‘ which was necessary to remove
the phosphorus.  As soon as the slag is formed carbon is added
and the oxides of iron pass into the slag and the carbon redueces
it. In this way the oxides are gradually removed from the
whole of the metal; at the same time the sulphur is wholly
removed from the metal into the slag. The steel is now ready
for pouring, and such additions of alloys are made as are
desived in the steel.

The pressure used during the melting period is about S0
volts, but as much less power is required during the refining
process this is then reduced to 50 volts, resulting in less wear
and tear on the furnace linings, the different pressures being
obtained by connecting to suitable tappings on the transformers
by means of interlocked switches.

The power taken by the furnace depends on the size and
the degree of refining carried out, and varies from 600 to 900
kilowatt-hours, while the transformer capacity requires to be
about 400 K.W. per ton below 5 tons capacity, 300 K.W. per
ton up to 10 tons, and 200 to 300 K.W., above 10 tfons.

The characteristics of electrie steel due to its freedom from
oxygen and its low phosphorus and sulphur contents are its
freedom from segregation, blow holes and surface defeets, and
its areat homogeneity, It is somewhat higziivl in tensile strength
and elastic limit than other steels and shows a marked resistance
to fatigue due to its greater density.

The Australian Electric Steel Company is to be congratu-
lated on its enterprise in setting up the industry here, and
it fully deserves the greatest measure of success.

In eonclusion, 1 trust the brilliant opportunities opening
up for engineers will be availed of by them, and that each
by his zeal and enthusiasm for his profession will merit the
confidence he 1s entitled to.
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ENGINEERING PROBLEMS IN ANCIENT AND
MODERN GUNNERY.

By Prorpssor A. D. Ross.

Until the fourteenth century war engines were almost
entirely weapons designed upon the principle of the sling.
Thus we have the catapuliae and balistae of the ancient Romans,
the former machines discharging darts and the latter heavy
stones. In more modern times we find the {rébuchet of the
French—a beam sling for hurling stones, incendiary materials,
or putrefying carvcases—a machine which survived the intro-
duction of artillery.

The invention of gnnpowder, however, revolutionised the
art of warfare. It has been commonly said that gunpowder
was known to the ancient Chinese, but recent investigations
have disproved this. The Chinese certainly knew of various
incendiary compositions, but their knowledge of gunpowder
was acquired only in the fourteenth century through information
transmitted from Europe. There seems reason to believe that
the discovery of gunpowder was made in the thirteenth century
by Roger Bacon, and Colonel Hime, who has given careful
attention to the subject, has produced much evidence in support
of the contention.

The first guns were construeted early in the fourteenth
century. A record of the City of Ghent dated 1313 refers to
the recent discovery of bussen, and subsequent entries refer
to the dispateh of bussen and gunpowder to England. As the
term bussen had then been long in use to denote hand grenades,
it is appavent that the word was used in a new sense, and
probably indicated a rudimentary gun. Certainly we have
clear evidence from a picture dated 1327 in Christ Chureh
Library, Oxford, that guns of vase form were then in use for
throwing huge metal darts.

Flanders soon became the centre of gun manufacture.
While no guns were used at Bannockburn in 1314, nor at
Berwick in 1318, they were—according to Froissart—used on
the Continent of Eurepe in 13389, and in particular they
were used at Creey in 1346.

The early cannon or bombards were built of forged iron bars
or staves running longitudinally, and were bound together by
wrought iron hoops. The hoops were shrunk on, but could
have given only very limited strength against the radial and
hoop stresses on firing. Indeed, it is remarkable that guns of
moderate size were made and used, although built up merely
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after the manner of a cask. The famons Mons Meg, manufac-
tured about the middle of the fifteenth cenfury, was a gun
built on this prineiple. This remarkable piece of ordnance
had a 20-inch bore over 9 feet long, and weighed nearly 9 tons.
Using a charge of about a hundredweight of gunpowder, she
threw a 549-1b. stone ball nearly 5,000 yards, or a half ton iron
ball over 1,400 yards. The eun was used on many oceasions,
and although her active life ended in 1680, she is still in existence
at Edinburgh Castle.

Early ordnance were mostly breech loaders, and the elosing
of the powder chamber was often effected by iron wedges —
a erude and inefficient method which must have made guns as
dangerous to the gunners as to the enemy. Elevation was
seeured in a very rough manner hy fixing the gun in a wooden
cradle, which was elevated between upright posts provided with
holes and pins like an easel. The most remarkable feature of
these guns was that no provision was made for recoil. The
cun was firmly banked up, and so being unable to give to the
shoek of discharee, was subjected to terrific strain. About the
middle of the fifteenth century trunmnions were introduced fo
allow of elevation by pufting a wedge helow the breech, sup-
ported by a transom. The trunnions being about the middle
of the gun, conveyed the shock of firing through the trunnion
bearings to the ehecks of the gun carriage, and thus to the trail,
This development therefore resulted in the abandonment of
the old absurd system of banking up the gun behind.

In the sixteenth century bronze guns became eommon, and
at a much later date cast iron guns were used. To withstand
the high pressures developed in medern guns, a low carbon
nickel-chrome steel is now employed, the material being hard
and highly elastic and tenacions. These euns are invariably
built-up guns, consisting of several tubes, and—in the case of
British guns —with steel ribbon reinforcement. Let us consider
the advantase of such construetion. Take the case of a single
eylindrical tube with thick walls subjected to internal pressure.
At each point of the material the stress has three components,
viz,, a radial stress, a tangential or hoop stress, and a longi-
tudinal stress. If the metal were initially unstrained, at the
time of firing, the first component stress would be compressive,
and the two latter components extensive. In point of faect, the
longitudinal stress is small compared with either the radial or
the tangential stress, so we need concern ourselves only with
the two latter components. Tt is evident that the stress at
any point in the eylindrical wall is balanced partly by the
resistance to stress of the material at that point and 11;11"(!,\‘
by the support received from the material to the outside of it.
The stresses, therefore, are greatest at the inner and least at the
outer surface,
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Fig. 1 shows the component radial (R,) and tangential
g 1 \ £
(7', ) stresses in a gun tube, one ealibre thick in its walls, when

a gas pressure of 16 tons per square inch is developed inside.

FIG 1

Flc 2

RADIAL AND TANGENTIAL STRESSES.
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The magnitude of the stress at various points in the thick wall
is indieated by the distance of the graph from the horizonfal
radial line, O0. For extensive stress the graph is above the
zero line and for compressive stress below. The scale of stress
in tons per sqguare ineh is given on the eentral vertical line
of the diagram, and is the same for the radial stresses shown
on the left-hand side of the diagram and for the tangential or
hoop stresses shown on the right-hand side, (Note that the
intensity and distribution of the stresses at points in the walls
of such a gun tube depends only upon the pressure applied and
the thickness of the wall measured in ealibres, and does not depend
upon the absolute calibre. Thus the stress intensity and dis-
tribution would be the same for the same internal pressure in
an 8- and a 12:neh gun tube if the thicknesses of the walls
were 2 inches and 3 inches respectively.) The ecurve R, shows
that the radial compressional stress varies from 23 tons at the
inner surface to 14 tons at the outer, while the curve 7', shows
that the hoop extensional stress varies from over 25 tons fo
4 tons. Curves f2; and 7 show the values of the same com-
ponent stresses when the tube is subjected to zero internal
pressure and a 16-ton external pressure. R: varies from an
extensional stress of 12 tons at the inner surface to a com-
pressional stress of 91 tons at the outer surface, while 7', is a
compressional stress varving from 36 to 15 toms. TIf the tube
were subjected simultancously to the internal and external
pressures, the two component stresses would each be an 11-ton
compressional stress at all points in the wall, as shown by the
straight line graphs & and 7.

Fig. 2 shows in similar manner the individual resultant
component stresses when the internal pressure is 16 tons and
the external pressure 10 tons.

From the figures it is evident that the application of
external pressurve greatly diminishes the stress preduced by
internal pressure. Thus if the material had elastic limits 25
and 36 tons for tensile and compressive stress, it would be
strained to the utmost limit by an internal pressure of 16 tons
acting alone, But it would never be stressed beyond about 60
per cent. of the limiting stress if subjected to a constant 10-ton
external pressure and an intermittent 16-ton internal pressure.
The curves also show by their form that no considerable gain
wotld be achieved by increasine the wall thiekness heyond one
calibre.  Indeed, a tube one ealibre thick has about 85 per cent.
of the strength of a tube of infinite thickness.

In the manufacture of guns the external pressure on the
innermost (A 77 inner) tube is obtained by shrinkinge on
another (“*A 7)) tube. In designing the gun, care must be
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taken that no part is strained beyvond its elastic limit when
the gun is either at rest or in action. The greatest advantage
will be obtained from a compound system of shrunk on tubes
when each tube is brought simultancously to the elastic limit
by the same internal pressure in the innermost tube. 1f the
outer tube were strained to the elastic limit before the inner
tube, we could not take advantage of the full strength of the
inner tube, while if the inner tube were strained to the elastic
limit before the outer tube we could not take full advantage
of the strength of the outer tube. It can be shown that, in a
compound gun whose tubes ave of similar elastie properties,
it is impossible to arrange for the innermost tube to be com-
pressed to the elastic limit at rest and each tube strained to
the elastic limit in action unless at least four tubes are employed.
[n practice large guns built wholly of steel forgings are made
of three or four tubes, according fo their size and power.

Figs. 1 and 2 show that gun tubes always experience the
maximimmn stress at the inner surface, and hence full advantage
is not taken of the strength of the outer parts of the tube.
We can therefore increase the resultant strength for the same
weight of metal by using more and thinner walled tubes, or
we can obtain the same resultant strength with more tubes and
less weight of material.  This is partly the reason why the
British Government in 1890 adopted the syvstem of wire-wound
guns. A wire-wound gun is—voughly speaking—a gun built
up of a large number of concentriec tubes. But ribhon steel
has, in addition, fully double the strength of steel forgings, the
material is less liable to flaws, it permits of fine adjustment of
the reinforcement, and ruptures are generally confined to one
of the many coils employed.  Wire-wound guns have naturally
less longitudinal strength, but as alveady pointed out, this
is not so nuportant. The British naval gun consists of an “*A '
inner rifled tube with an “*A " tube shrunk on: wire ribbon
is wound on this tube and is enclosed in a ** B 7 tube, which
in turn is enclosed in the jacket tube, For a 12-inch gun, the
““A 77 inner tube has walls over 2] inches thiek; the ““A 7
tube is 3 inches thick; some 100 miles of steel ribbon 1 % 1-16
inch are wound on at a tension ranging up to nearly 50 tons
per square inch, the number of layers varving from ahout
12 at the muzzle end to 70 or 80 at the breech end of the
winding. The outer tube has walls about 2 1-3 inches thick,

Pressures up to 20 tons per square inch are heing employed
in the firing of naval guns, and it seems unlikely that that will
be exceeded unless some altogether new material for gun con-
struction is devised in the future. How then have the Germans
been able to shell Paris from a distance of over 70 miles?
Methods which might suggest themselves would be : (i) a more
constant pressure during the passace of the shell down the
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gun, (ii) a compound shell, (iii) a sub-calibre shell, (iv) a
very long gun. Let us consider these briefly.

1. Tt is very unlikely that a powder can be designed which
will burn at such an increasing rate as will well maintain the
maximum allowable pressure during the whole process of dis-
charge of the shell.  The suceessive ignition of a series of
charges has proved unworkable ®

2. A shell which will disrupt in its passage through the
air so as to send on one portion with greater speed could not
give the requisite gyrostatic stability nor the required accuracy
of direction to the quickly moving part.

3. A sub-calibre shell offers similar difficulties. Its base
must fit the gun tube to obtain the full driving thrust, hut
owing to the small mass and small radins of the remainder a
very high rotational speed would be required to provide sufficient
ayvrostatic stability,

4. A wery long gun appears the simplest solution, pro-
vided a powder burning at the neecssary rate ean be oht(nm'tl
By a very long eun one means a gun exceeding 50 calibres:
it might be either of small diameter and of length equal to
our lmlgoul euns, or of large diameter and exe vpiumdl length.§
If the shell is about 9 inches diameter the gun would probably
be about 100 ecalibre, eiving to a shell weighing 300 1bs. an
initial speed of 5,000 feet per second, which would suffice for
the ranwe, especially as the trajectory would rise to a height of
over 20 miles, where the atmospherie density and consequent
resistance would be very small,

It is intevesting to note the enormous difficulty of using
artillery at such a Innn' range.  Apart from the usual allowances
in laying the gun for air temperature and density, wind, jump,
and drift, one would require to make considerable allowance
for the curvature of the earth and for the earth’s rotation.
Drift, as explained in a previous paper,f is a somewhat un-
certain quantity, and this is espeeially true with long range,
high velocities, and projectiles of comparative small mass and
rading.  In the ease of firing on Paris, it would probably run
into miles. while the earth’s rotation during the 21 minntes
flight of the shell would cause a further drift of more than
half a mile,

# Tried in the Lyman Haskell gun of 1881
T Note added January, 1919, The latest reports indicate that the
first of these alternatives is the more probable. The gun is
very possibly a 15-inch 50 or 60 calibre gun, which has been
lined with a 9-inch tube, making the gun a 100-calibre type.

T Proc. W.A. Inst. Eng., vol. VII, p. 18 1917.
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THE EVOLUTION OF COINING MACHINERY.
By A. VeExTRIS.

The use of coins ean be traced back to the 8th (le ntury B.C.
spherieal blanks were cast and marked with a die, which was
struck by a hammer on a small anvil. The anvil was. at a
later period, marked with various designs, and thus hecame a
reverse die. The casting of the ]11r“|[\."1 into lenticular shapes
was 4 subsequent nn]n'm'mwnt

In the Middle Ages plates of metal were cast., hammered
out upon an anvil, and cut into pieces by shears; these pieces
were annealed, hammered and elipped, and by further annealing,
flattening, elipping and gradual rounding, blanks of the desired
size and weight were obtained. The edges of the blanks were
finished by being tapped with a light hammer., The dises were
then annealed, pickled and dried, preparatory to coinine, for
which operation {wo engraved puncheons or matrices were nused,
one called the * pile,”” the other the “ truss.”” The pile hore
the coat-of-arms or reverse, the truss the effigy. The pile was
about eight inches in length and had a kind of collar forged
on it beneath the engraved portion, from which point it was
rapidly tapered, so that it could be driven into a bloek of wood,
the eollar taking a bearing upon the surface of the block. The
coiner placed the blank on the pile and superimposed the truss,
which he held steadily in his left hand; he then gave several
smart blows on the truss with a hammer held in his right hand.
If, after examination, the piece was found to be imperfeetly
stamped, it was replaced between the dies in exactly its previous
position and the blows were repeated until the picee was properly
coined.  In order to minimise the concussion it was customary
to wind a strip of sheet lead around the truss, and in later times,
when large coins were made and heavier blows became necessary,
the truss was held by a twisted hazel stick in the hands of
second man. (See Fig. 1.)

Abont the year 1553 eoinage by the “° mill 7 was intro-
dueed into the Paris mint. Similar machinery was first used
in England in 1561, but it did not finally displace coinage by
the hammer until the vear 1662, and from that date until 1816
few improvements were effected. For coinage by the *° mill ™
the cast plates or bars were scraped and cleaned, and then
passed through a rolling mill, worked either by manual or
horse-power, in order to bring the resulting strips to the exact
thickness of the blanks required—annealing when the metal
showed indications of hardness. Blanks were then eat out by
means of a machine whose working parts consisted of a punch

L
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attached to an arbor, the upper portion of which was formed
into a serew, which, when turned a portion of a revolution by
an iron lever, gave the reguisite power when the cutter was
brought down upon the strip of metal. The dises were then
weighed upon a fine balance, the light pieces were re-melted,
and the heavy ones filed to the correet weight. They were then
blanched or pickled.

The next process was the graining of the edge of the blanks.
The machine used tor this purpose consisted of two plates of
steel 1/12th of an ineh in thickness, on which the legend or
graining was engraved, half on each strip, One of these plates
was serewed to a copper plate and that in its turn was serewed
fo a table; the other strip was movable on the copper plate
and had a rack attachment which engaged in a pinion fitted
on a spindle carried in a bearing, A handle was fixed on the
spindle, and when the sliding plate was adjusted parallel to
the fixed plate and a blank placed between the two, a half turn
given to the handle would transfer the inseription to the blanl.
The pieces were then annealed, preparatory to coining.  The
coining press was the forerunner of the well-known fly-press.
The beam was a long iron bar with a heavy ball of lead at each
end, and had rings to which cords or straps were fastened.
The serew, fitted eentrally in the beam, passed through a nut
in the framing, and its lower end was cupped into a guided
arbor in which the reverse die was fixed, The obverse or head
die was placed immediately beneath in a small case fixed to
the foundation of the press. The blank was placed on the lower
die, then two men hauled on the cords, revolving the scerew
rapidly downwards and causing the upper die to meet the hlank
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and convert it into a coin. The force of the blow would be
regulated by the number of turns given to the serew. In an
old engraving (see Fia. 2) of the mint in the Tower of London
the coining presses are seen worked by levers instead of cords,
and it can be assumed that that method was the latest improve-
ment prior to the employment of steam-power in the new lLondon
Mint, the erection of which was commenced in 1810,

Fig. 2.

The firm of Boulton and Watt, Birmingham, is eredited
with the invention of eoining machinery actuated by steam
power in 1788, and machinery for the new mint was supplied
by that firm and brought into use in 1816. The plant consisted
of six sets of rolling mills, four of whieh had their bottom rolls
revolving in fixed bearings, the mpper rolls being in guided
bearings, beneath which were supporting rods continued beneath
the floor to the short ends of pivotted levers, which were suffi-
ciently weighted at the long ends to keep the upper side of
the bearings pressed against the ends of powerful serews in
the framings. MThese screws were bridged across at their upper
ends and a rack and pinion arrangement enabled the rolls fo
be raised or lowered. A powerful pair of shears was also pro-
vided. The remainine mills had fixed bearings for the upper
rolls and moyvable bearings for the lower rolls, a pair of wedges
provided with screws and mitre-wheel gearing enabling adjust-
ments to be made in the thickness of the fillets within 1/1000th
of an inch. A punch for eutting out trial blanks and a balance
for weighing them completed the rvolling equipment.

In 1816 a machine was introduced into the London Mint
by Sir John Barton for equalizing the thickness of fillets after
rolline. A bar of metal during the operation of rolling is
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extended materially in length and but slightly in width, but
the centre offering greater rvesistance to lamination than the
edees, is always the thicker, This appliance i1s constructed
after the lines of a pipe-drawing machine, but instead of having
hollow dies in the head, it has two very accurately hardened
and ground fixed steel eylinders, between whieh the fillet is
drawn, sufficient pressure being maintained upon the upper
eylinder to transfer the excess metal from the centre of the fillet
towards the edges.

In order to introduce the end of the fillet between the
eylinders a flatting mill is made use of. This consists of a pair
of small rollers adjusted to give the desived thickness, driven
in opposite directions by eeaved wheels. The upper roller has
three flat surfaces, so that when the end of the fillet is placed
upon the lower roller between a flat the continued revolution
will ecompress and eject the two inches or so of the fillet pre-
sented to it, enabling it to be passed between the evlinders of
the drag-bench and projecting beyond them far enough for the
Jaws of the ** dog ™" to grip it. The ** dog,”” mounted on four
wheels, runs the length of the bench and has elaws which connect
with one or other of the links on an endless ehain, and become
diseonnected when the fillet has been pulled through.

The cutting out machinery (see Fig. 3) supplied by Boulton
and Watt was very ingenious. Civenlar in form, it was placed
in a eireular room 30 ft. in diameter. Twelve cutting presses
were spaced 3 ft. 6 in. apart around the outer cireumfercnce
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of a platform raised 16 in, from the ground and ‘)'l in. wide.
Twelve cast-ivon columns 3 ft. 6 in. }ng,h spaced 3 ft. 6 in. apart,
supported a cireular iron cornice 5 in. deep. In the eentre of
this enclosure revolved an 8 in. vertieal shaft carrying a cam-
wheel 9 ft. 6 in. in diameter and 10 in. deep, with 12 cams, each
projecting 14 in. and being 28 in. in length. Immediately above
it was a flywheel 18 ft. in diameter, with a rim 14 in. wide by
3 in. deep. I may perhaps be pardoned for enterine into so
mueh detail, becanuse this remarkable mechanieal invention was
destroyed in 1883, when a new type of machine was introdueced
into the London Mint, The press serew of cach machine was
fitted into a hollow shaft with gearing for connecting it with
a continuation shaft taken through a bearing attached to the
inside of the cormice, and ecarried at its upper end a lever with
a friction-roller. The cam-wheel in it revolution struck the
frietion-roller and threw it outwards, communicating an upward
motion to the screw of the eutting press and raising the eutter
ready for use. As the weight of the descending serew would
be insufficient in itself to ceut out a blank, when the eam, after
its passage over the roller, had permitted it to fall, atmospheric
pressure was utilized. The roller-lever was provided with an
iron loop, and by a series of rods and levers was conneeted with
a well-fitting piston working in an open top cylinder affixed
to a stone slab outside the wall of the cutting-room. As a
safegnard against air leakage, the surface of the piston was
covered with an inch or two of oil. The raising of the piston,
therefore, produced a vacuum in the eylinder and after the
cam had passed its friction-roller the pressure of the air upon
the surface of the oil above the piston violently pulled back
the rvoller-lever by means of its connecting rods and brought
the cutter down upon the strip of metal being operated npon.
removing a dise, which foll through a holster into a box beneath.
On the shaft under the cornice a lever fitted with an dd]lhhl] le
arm careying a wooden wedge struck a veriteal H|>Tl]l"‘|}1(‘(t‘
after eutting a blank, throwing back the press serew into its
starting position. A pedal attached to a cord connected with a
spring near the upper lever had to be depressed to keep the
machine acting: when the pedal was raised the spring prevented
the frietion roller from coming into contact with the revolving
cams.

The machinery supplied for coining (see Fig. 4) was
somewhat similar to that of the eutting presses, but as the
pressure required for this purpose is vastly greater than that
needed for eutting, a chamber or ]ﬁpe kept in a constant state
of partial exhaustion by means nt an air pump was used instead
of vacuum eylinders.

The eight presses were mounted on a platform 2 ft. 6 in.
from the ground, were of the serew type, and automatic. The
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fly-shaft was 6 ft. in length and had heavy cast ivon weights
at the ends. A trumpet shaped hollow shaft attached to the
top of the fly-shaft and 11\01‘.“1" with it was traversed by a
rod passing into a room overhead. This rod was fixed at its
lower end to the top of the press serew and at the other end
to a swivel, thence by another rod to the end of a balanced
beam, the opposite end of the beam being connected with a
piston working in a small open-top evlinder having a pipe
conneetion with the vaeuum chamber. This arrangement per-
mitted the regulation of the power of the blow by means of a
cock on the connecting pipe. A lever was fixed on the top
of the trumpet shaft dlul was connected hy rods to a rocking
frame fixed on the outside of the wall behind the presses.
Conneeting rods from the rocking-frame linked up a piston
working in an open-top eylinder with a pipe connection to the
vacuum chamber beneath it. The press was started by the
coiner pulling a cord in the box where he sat: this action
released a lever operating a valve in the bottom of the eylinder
and allowed it to act when called upon. A second cord was
then pulled, which by means of its lever opened another valve
and permitted the atmosphere to rush in from the bottom of
the eylinder piston and through the conneeting pipe into the main
vacumn chamber,  This reduced the pressure upon the lower
side of Tln piston, and the normal atmospheric pressure upon
its upper face compelled its descent. A wooden rod with tappets
arranged so as to strike the levers of the two valves at the
right times was suspended from the rvocking-frame, and so
gave continuous motion to the press.

The method of supplying blanks to the press was as fol-
lows:—A tube kept filled by the coiner was situated over a
slide, worked backwards and forwards by a pivotted lever, the
upper end of which eobtained motion from a link attached to
the serew-shaft. The lowest |Iil'L‘{' i the tube was seized between
two fingers, one of which was fixed, the other pivotted. As-
suming the upper die to be at its highest position, the piece
would be carried forward and held immediately over the lower
die. “The movement of the serew downwards cansed the blank
to drop upon the lower die, the collar (milled, plain or lettered)
rising at the same instant to u*ulw it. The collar on the neck
of the lower die had a spring underneath, while above it a
frame with lues rieht and left received the ends of two rods
passing through the shoulders of the press; so that when the
lugs were depressed by the movement of the serew downwards,
the spring ensured the rapid rise of the eollar. The continued
movement brought the upper die down upon the blank, after
which the collar would fall and the eoined piece would be
pushed off the die by the fixed end of the slide, which was at
the same time conveyving between its fingers another blank to
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be struek. The two above-mentioned rods also prevented any
fwisting motion being conveyved from the serew, which was
cupped into the block carrying the upper die.

The London Mint disearded these comparatively slow-
working presses in 1882, but identical machinery is still working
in Caleutta and Bombay.

From earliest times until the vear 1843 coins or blanks
were individually weighed by small hand balances., In that
vear William Cotton, the Deputy-Governor of the Bank of
England, introduced a machine for antomatically weighing gold
coins and separating the light from the good. A funetion of
the Bank of England is the weighing of all British gold coins
received by it, and no coin is re-issued unless it is of enrrvent
weight, Gold and silver coins have not only a definite weight
fixed by the laws of the countries issuing them, but they also
have what is known as a remedy allowanee or toleranee above
and below that weight. Thus, the sovereign when issued should
weieh 123.274 grains, with a tolerance of .2 of a grain. Tt is
not allowable to take advantage of the tolerance to the detriment
of the coinage, therefore each bag of 1,000 sovereigns is generally
made up of heavy and light pieces within the remedy, in order
fo bring if to the exact legal weight, viz., 256.82 oz. troy.

Tn 1851 this machine, modified by Richard Pileher, so that
heavy as well as light picces within the remedy eould be
separated from those unfit for issue, was introduced into the
London Mint, and modifications of it are used in nearly all
mints.

The balance is contained in a skeleton frame of Dbrass
with glass sides, It is about 20 inches long by 8 inches wide
and 10 inehes high. The beam is of peculiar shape, having
its centres of eravity and action in one line.  The pan for
recelving the coin or blank is suspended on the knife cdees af
one end of the beam, and it has a pendant rod with a loop
at its lower end: a second pendant, also having a loop at its
lower end, is poised upon the other knives carrying the minimum
weight of the eoin, and, in a cage, the double remedy weight,
which, unless raised by the weight of a too heavy coin on the
opposite end of the heam, lies in V's formed on a little adjustable
platform attached to the floor of the maechine. The pieces to
he weighed are placed in a hopper on the top of the machine,
and the lowest one is pushed on the pan by a slide working
underncath. A centrally pivoeted levelling bar passes through
the loops of the two pendants to bring the beam to a horizontal
position before and after each weighing. A pair of foreeps
holds the pendant under the pan and thus keeps the beam
rioid while a piece is placed on the pan or pushed off it. If
the piece is too heavy it will lift both the minimum weight
and the double remedy:; if too light it will not move the
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mininmum  weight; if correct, the beam has a well defined
range of action between the two extremes. Assuming the
machine to be in motion, the forceps again grip the pendant,
and a weighted and nearly counterbalanced vertical rod is
released ; this rod is pinned to a pivotted lever, the opposite end
of which passes through the upper part of the loop in the front
pendant and projects beyond it. The delivery end of the shoot
is meanwhile moving above three openings leading to hoxes into
which the heavy, good and light pieces fall. The end of the
pivotted lever whose downward motion is arrested by a knife-
edge across the loop, then touches the shoulder of a second
lever beneath it, which is pivotted on the same pin as itself.
This lever has a weighted extension inwards, and when it is
depressed by the touch of the first lever it comes in line with
one or the other of three inverted steps formed on a fitting
attached to the shoot, and, entering, it places the shoot in position
to deliver the piece into the proper box. The beam is then
released and brought to a horizontal position, the foreeps hold
the pendant, and the weighed piece is pushed off by another
coin.  All these movements are carried out by cams on the three
shafts of the machine, motion being conveyved from the driving
shaft by aceurately eut gears.

The drive is by power which is certain to be uniform, such
as an air-engine or small water-turbine, and the connection with
each machine is made hy frietional contact between the boss of
the driving wheel and a milled dise, so that if any execessive
pressure should ocenr, such as the locking together of two wire-
edged pieces, the machine would stop. The balances are con-
structed to weigh ecighteen pieces per minute, correet within
0.01 grain.

During the past forty vears the machine has been muech
simplified in the workshops of the Royal Mint, London, and
the latest types, while retaining the essentials of the balance
deseribed above, have but one shaft, nupon which all the cams
are mounted,

Up to the present time no important improvements in roll-
ing machinery have been effected, beyond the adoption of the
electric drive.  The invention of carborundum wheels has, how-
ever, provided a means of dressing vollers with the greatest
daceuracy.

The modern entting press is self-contained and usually
belt driven. The frame carries a crank-shaft with flv-wheel
and pulleys, and on the crank-pin a short and heavy connecting
rod is fitted.  The rod actnates a massive slide moving in vertieal
guides. In some machines this conneeting rod is omitted, and
an overhung crank pin is fitted into a brass in a steel sliding-
block working in a slotted opening formed in the slide. The



THE EVOLUTION OF COINING MACHINERY. 25
under-side of the slide is machined with a dove-tailed joint,
so that the punch bed. slotted to fit the joint and with its two
or more punches inserted can be slipped on and fixed by a plate
and bolt. A pair of geared rollers receives the end of the
fillet and passes it under the punches, after which a second
pair takes the skeleton of the fillet and guides it away. These
rollers obtain their motion from cut wheels on two spindles
veared with a driving shaft, on the outside end of which a
ratehet wheel is fitted. A slotted dise revolves on the free end
of the cranlk-shaft and one end of a conmecting-rod is bolted
in the slot in such a position that its opposite end, which
carries a spring pawl on a short lever, can advance the ratchet
wheel by a definite number of teeth corresponding to the space
required between blanks of any denomination. The bolsters
are fixed on the hed of the machine immediately beneath the
punches, and have a steel plate above, perforated so that the
punches can easily pass through; this arrangement ensures
the release of the punches on their travel upwards.

A machine is used in many mints for compressing or
* markinge 77 the edees of blanks in order that the ‘¢ beading »’
around the cirenmference of the coins may be well impressed
without 1mposing nnnecessary strain npon the dies.

The essentials of such a machine are a dise mounted on
a driving shaft, the dise being provided with a ring of hardened
steel having a groove recessed in if, a block of hardened steel
with a groove concentric with the dise, a stepped wheel for
spacing the blanks. and a feeding tube.

In aection, the rvevolution of the step-wheel removes the
blanks one by one from the feed tube and passes them down
an incline leading to the grooves in the revolving dise and the
fixed seement, in which they are revolved two or three times
before being ejected. A slight deepening of the groove in the
searnent enables each blank to enter far enough for the impetus
of the revelving dise to erip it and carry it through the race.
This machine e¢an be used for all ordinary sizes of blanks,
adjustment of the segment being all that is necessary,

Another tvpe of machine has a horizontal dise with the
groove in its rim; in this case a horizontal wheel with leaves
of the same thickness as the blanks and spacing identical with
their diameter, revolves under the feed-tube and throws blanl
after blank into the race. Two feed-tubes are fitted to this
machine and an output of 1,200 pieces per minute can be
maintained.

There are two types of eoining press in use to-day, the
French and the German, or Unlhorn.

The French press is housed in a single massive casting, the
front taking the pressure of coining, the back ecarrying a
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crank-shaft, with a heavy fly-wheel and pulleys. A short
vertical steel easting eonneets the erank shaft with a strong
cast steel rocking-lever, the front and lareer end of which is
machined and suspended by a link on each side to two rectangular
rods passing through the upper part of the press, where they
are turned, threaded and fitted with nuts bearing upon the top.
A rveetangular opening slotted throngh the lever has a toggle
driven through and secured. The upper and hollowed end of
the togele receives and supports the projecting end of a knuekle
placed in a slot maechined in the easting immediately above it.
A wedge over the knuckle operated by a serew and hand wheel
enables it to be raised or lowered in conjunetion with similar
movements of the suspension rods of the rocking lever, thus
affording the means of inereasing or redueing pressure hetween
the dies. The lower and rounded end of the rocking lever
togele fits into a hollow joint in a rocking-column, which has
its lower knuckle fitting into a joint in a block onided in pro-
Jections formed at the sides of the front opening of the press.
This bloek is hung upon links connecting it with the vocking
lever. The under-side of the bloek is recessed out to receive the
upper die-block held in poesition by set-screws. At the free end
of the crank-shaft a dise is fitted on which an adjustable rod
is pimned cceentrieally s over the dise a wooden hrake-hlock is
housed.  The eccentric rod is connected with an oseillating
crank whose rod is carried in bearings across the press and
has midway an arm and links connceted with two squared
parallel rods moving to and fro in guides. These rods are
connected by a bridee-picee in front of the press.

The hed plate is construeted in two pieces and is fixed over
the sliding frame and secured by bolts and nuts to sills pro-
jeeting on each side of the opening, dovetailed slots heing
formed in order to receive the heads of the holts. This plate
receives the eollar, and each portion of it has a semi-cirenlar
opening with a recess turned in it, so that the collar with its
projecting ring fits into the bed-plate Hush with its upper face.
The bed-plate has the feed-tube mounted upon it and two
Li-shaped grippers for placing blanks on the lower die and
removing the coins. The ends of the short arms of the
arippers are pivotted on pins in bosses formed on the right
and left hand of the bridge connecting the two sliding rods.
the front of the bed-plate being eut away so that the hosses
do not come in contact with it. The opening and eclosing of
the erippers is reeulated by a slider moving in a guide formed
by eutting a loneitudinal slot through the front portion of
the bed. Two lugs on the slider engage in recesses in the
adjacent slides of the lonz arms of the erippers, and on the
under side of the slider a cireular hrassed recess takes an oval
pin in a boss projecting from the centre of the bridge-pieee.
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The amount of free movement permitted to the slider by the
oval pin is sufficient to enable the grippers to open and close
When the sliding frame reaches the end of its travel backwards
and forwards.

At the lowest part of the front of the press an adjustable
wedge is fitted and upon this a massive equilateral 'i‘ shaped
block is placed. Tts upper part is recessed to take the hm{-r
die, which rests upon a second smaller adjustable wedge; the
under side of this portion of the block carries two hardened
steel projecting segments.  The die bloek is aceurately sguared,
its top fitting into a recess formed over the sliding frame, which
is here provided with two hardened stéel strips rvivetted to the
two squared rods. These strips are humped so that the die-
block .15 lifted at the rvight moment from its position on the
large wedge in order to bring the lower die flush with the
collar when a coin has to be pushed off, The lower part of
the die-block also fits into a machined opening, the front of
which is elosed by bolting on a onide plate. The die-hlock is
therefore capable of vertical motion only,

The fly-wheel and fast pulley run free on the shaft, and
the raising of a small lever in front of the press engages them
with the shaft by means of a sliding pin. Attached fo the
starting lever is a valuable deviee by means of which the press
automatically stops should there be no blank between the
arippers. A light rod having a pin at one end lies between
the erippers and is connected with a spring trigger encaving
a collar on the wvertical rod attached to the starting lever.
The closing of the grippers without a blank causes the rod to
trip the trigger and disconnect the mechanism before the dies
can come together and be damaged.

The Uhlhorn press has a heavy front casting, with feet,
and a framed back carvyine the er ank-shaft, with t\m cams and
flv-wheel with pulleys. Back and front are connected by a
C.I. bed about 2 ft. 6 in. from the ground, and the necessary
tie rods. The erank has a turned tm{ connecting it with a
bell-ecrank. The knuckle in the top of the front opening is
fixed, and the bell-erank with its two knuckles is suspended
on the points of set-serews passing through its sides and termi
nating in coned recesses in the top knuckle. A rockine eolumn
operated by the projecting togele in the bell-crank has a
knuekle fitting into a hollow joint heneath it, which is hedded
into a strong fat hammer-lever pivotted upon a bolt which
passes through the cheeks of a bracket on the bed of the
machine. In a recess formed through the rockine colimn im-
mediately over the lower knuekle and bearing on it a weden
is placed, which is moved by a nut and serew, and enables
the pressure on the dies to be regulated. The lower parts of
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the back and front of the rocking colummn are capable of up
and down motion, corresponding with the movements of the
wedge.  The upper die is attached to an adjustable bloek fixed
in a ring on the under-side of the hammer-lever.

Heavy weights in a cage under the bed of the press are
bhalanced on a lever carrying two vertical rods bevond its centre
of action. These rods pass through holes in the bed. one on
each side of the hammer-lever, at the level of the under-side
of which they ave bridged across, forming a support for it and
the rocking ecolimn and keeping the togeles in  contact.
Inumediately under the hammer-lever is a second flat lever,
familiarly known as the *° banjo.,”” from its shape. The far
end of this is slotted so that it will slip on a pin passing through
the same bracket as the hammer-lever. The *f banjo 7’ has a
cirenlar opening through it inumediately under the upper die—
the collar is fixed in this epening. The bottom die is fixed on
a bloek, the lower part of which is slightly rounded so that
adjustments can be made by means of the four set-serews which
secure it inside a heavy ring serewed down to the bottom of
the front opening. The neck of the die enters the collar.

The end of the ““ banjo '’ projects about a foot beyond the
cirenlar part and earries the feeding-tube, and, in a guide, one
end of a layer-on rod, to which the fittings are attached for
placing a blank on the die and removing it after coining, The
opposite end of the rod I8 conmected with a vertieal lever
pivotted to the inside of the back frame, having a backward
set at its short upper end in order to carry a voller in a forked
holder with a hardened end pin. The pin presses the roller
against a cam by means of a strong flat spring attached to
the back of the frame, the cam’s revolution maintaining a to
and fro motion of the layer-on. The lever has a pivotted arm
kept in position by a coiled spring with ratehet and pawl, giving
a easure of elasticity to it and at the same time exerting a back
pressure on the layer-on rod. [f jambing of the pieces should
oceur in the feeding-tube, the spring-held portion of the lever
would e pulled away and serious damage to the dies averted.

One end of a vertical rod is attached to the under-side of
the * banjo ' in frout of the press and connected below with
an end of the heavy fish-shaped lever, which at its opposite
end is pivotted toia vertical rod having a forked upper end,
in which the second cam revolves. Above the eam is a short
lever pinned through the top of the fork at ome end and at
the other through the end of a eurved bracket-rod projecting
from the inside of the back frame. This lever carries a roller
in an adjustable forked holder immediately over its cam. kept
in contact by the weight of the fish lever. This arrangement
provides Tor the necessary up an down motion of the collar.

The fly-wheel of the press runs freely on the shaft and when
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the tube is filled with blanks the press is set in omotion by
moving a pivotted lever, to which a clutch is attached.

In coneclusion, I believe I have referred to all the principal
minting machines in use at the present time, although there
are many subsidiary appliances now employed in some mints
which enable coinage operations to be conducted more ex-
peditiously and with less cost than was the case when engineering
had not attained the high standard it has reached to-day.




(11th September, 1918.)

ELECTRIC POWER ON THE KALGOORLIE MINING
FIELD.

By C. E. Cro¢KER.

When the mines of the Golden Mile were opened up,
the extent to which the treatment plants wounld ultimately
develop eould not be forescen, and in the early stages no effort
was made to establish a central electric power station. Later
developments proved that the field was especially suited for
siuch a combined plant, as the greater part—in fact the whole—
of the principal mines are concentrated in a comparatively
small area, known as *° The Golden Mile.”” Undoubtedly, had
the mining companies in the early days joined in the establish-
ment of a central station for the supply of electricity and
compressed air for all purposes, or had a company taken up
such a supply, a great economy of expenditure on plant and
operating cost would have been effected.

Such a plant eould have been located approximately
centrally to the mines, and the distribution of current and
compressed air would have been simple, and the deletion of
the individual power plants would have materially reduced
the space occeupied on the surface of each mine.

A combined plant would have required to have a capacity
suitable for a load of about 20,000 to 25,000 kilowatts. and
would have operated most favourably, considering local con-
ditions, and would have been a highly interesting plant from
an engineering aspect.

There was not, however, up to abont 1898, any concerted
action for a central plant. Therefore each of the mines pro-
ceeded with the construction of their own steam plants as
requived, and these were gradually enlarged, the use of
electricity being up to then confined to isolated lighting plants
on individual mines.

About 1898 the Kalgoorlie Electrie Power and Lighting
Corporation, Limited, which [ shall e¢all ** the power company,’”’
as it is generally known, was organised.

Owing to delays in organisation, the plant was not ready
for operation until 1902, by which time the mines were well
equipped with steam plants, and the introduction of electrie
power from the central station was consequently slow and
diffienlt, and has never superseded steam for hoisting or air
compressing on the large mines. Notwithstanding the late
starting of the central supply, and the poor outlook at first,
the supply of power taken from it by the mines inereased at
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times to an extent that made it diffieult to keep up the supply
while additional generating plant was being installed.

As freatment processes were altered on the mines, requiring
the re-organisation of the treatment plants, eleetrie drive was
generally adopted. and in most cases the Power Company was
successful in supplying the power. In several such cases in-
dividual loads of 400 to 700 kilowatts were added. The
neeessity to take up sueh extra loads, before additional maehi-
nery could be installed, taxed the capacity of the plant severely
at times,

CONDITIONS,

The conditions of power generating on the Goldfields were
and are somewhat unusual and difficult. As you gentlemen
are mostly well aware, the elimate is pretty hot and very dusty,
and before the roads and streets were as well made as at
present the dust was very much worse than now. T have fre-
guently seen the temperature in the engine room of the power
plant from 120° to 125° Fahr. during the greater part of the
day, and this would usually be brought to a climax by a wind
storm, during which the dust penetrates everywhere and thickly
settles over the machinery. But the storm, fortunately, nﬁuall\'
brings a ool change, and relieves the tension on both man and
machinery,

Besides the heat and dust, which add considerably to the
rate of depreciation and make extra attention to maintenanee
and repairs very necessary, the condition of fuel and water
supplies were and are unusual. There is no coal available
nearer than Collie, which would necessitate a rail shipment of
approximately 434 miles,

The transmission of power from Collic has frequently
been suggested, but the distance is too great for it to be practieal
commereially, especially in view of the uncertain life of the
mines, which has always been a controlling condition on the
Goldficlds.  As reliability was the ereat essential of a central
supply, a double pole and ftransmission line would have been
necessary, and calenlations showed the capital charges on the
lines alone would amount to practically the cost of ﬂ*vnvmlm“
the power on the Goldfields.

On the other hand, the natural timber is specially suitable
for fuel, and has always been cheaper than coal, in spite of
the extra cost of Imndlmg wood. The forest has been cut ont
nntil most of the wood is now brought from a distance of
between 76 and 100 miles. The wood is }n'inuipa]ly salmon
aum and mnig‘rl and is used in 5 ft. lengths in boilers. The
calorific value is between 4.000 and 5,000 B.T.U, per Ib., being
Just about one half that of Collie coal and somewhat more
than one-third that of Neweastle coal. The present cost of
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the wood is between 13/- and 14/- per ton on trucks at the
mines.

No mechanical means have heen devised for handling or
stoking this fuel, and consequently each piece, whether large
or small, is handled separately throughout its travels from
the bush to the boiler furnace. The contracts for the wood
supply generally limit the largest diameter of any piece fo
10 in., and provide that logs larger than that shall be split.
Even logs of that size 5 ft. long are very heavy, and are
handled in stoking by tipping one end at a time.

The water supply has always been a serious problem, and
is a heavy expenditure in power production on the fields.
Before the advent of the supply from Mundaring, bevond the
little which could be conserved in dams from the very un-
certain rainfall, the boiler water had to be ¢ondensed from the
subterrancan salt water. The evaporation and condensation
of this water was an expensive operation, as the underground
water (which was usually taken from the mine shafts at a
depth of 300 to 400 feet, and where the flow was not over
25,000 gallons per day at any one shaft) was very heavily im-
pregnated with salts, the total solids frequently running as
high as 20 per cent.  In consequence of this, the tanks or hoilers
in which the water was evaporated had a very short life. and
required a great deal of cleaning. Condensation was effeeted
in the familiar corrugated galvanized iron cylinders.

The price of dam and condensed water for boiler use varied
between 35/~ and 60/- per thousand eallons, and the actual
cost of condensing ran from 30/- to 40/-, including pumping

The  price of water from the Mundaring supply is T/-
per thousand gallons for boiler water, and while this is a great
reduction from former conditions. the price is still very high
compared to that at most places where large power is generated,

In consequence of the high cost of fuel and water, it has
always been necessary to use steam engines of the most eco-
nomical type possible. That faet has prevented the use of
steam turbines extensively, as theyv have not been built (at
least until yery recent years, if at all) in the sized units required
in the plants as they exist on the fields, with anything like as
low steam consumption as the higher class engines would eive.
I will refer later to the comparative steam consumptions of
the various types of engines in use, when deseribing the plant
of the Power Company,

Owing tothe high cost of fuel and water, the Goldfields would
appear to offer a most suitable opening for suction gas plants.
But, while such plants have been used fo some extent on the
Kalgoorlie field in small units suceesstully, and on the outlying
mines, where central electric power was not available, their
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comparative unreliability has prevented their use on the large
mines, where an unintentional stoppage of even a short period
means a heavy financial loss. Gas engines wonld have been
utilised by the Power Company except for that reason.

Varovs Prants on e MiNes.

For the past ten years, the greater part of the eleetrie
current used by the mines, with one or two exceptions, has been
drawn from the service of the Power Company.

The Golden Horseshoe and Ivanhoe mines have generated
their own electrie current, and the Lake View and Star mine
cenerate a portion ol thelr requirements.

Of these isolated plants, that of the Golden Horseshoe
is the most important. It consists of two high pressure steam
turbines, each of 625 K.V.A. capacity, and one low pressure
steam turbine of 938 K.V.A. eapacity, all built by the A. B. G.
Company.

The high pressure units work on 150 lbs. steam pressure,
super-heated to 550° to 600° Fahr., and each exhausts direct
into its own condenser. The low pressure unit operates on
the exhaust steam from the mill engine and the 70-drill air
compressor, and also exhausts into its own condenser.

All condensers arve of the surface type, and are installed
underneath the turbines.

The cooling water is cireulated by motor and turbine
driven pumps through cooling towers, where the water has
a drop of 40 feet.

In the towers the temperature of the water is reduced
about 20° Fahr. average through the year, the circulation being
equal to 45 to 50 Ibs. per Ib. of steam condensed, and the
average vaennm obtained is 264 in., with the barometer reading
at 28.77 average in Kalgoorlie,

The cooling towers are arranged in two different ways
at the Horseshoe Mine. In one tower there are a number
of floors for breaking up the water as it falls through the
tower, and above these floors are arranged a set of sprays
through which the water is projected. In another tower the
water is distributed at the top through launders or distributors
and flows through a series of floors or barriers made up of
bhrush. The water running over the various twies and branches
of the brush is well exposed to the air, and the cooling in
this tower is said to be considerably more effeetive than that
in the tower formed of sprays and floors.

The steam consumption tests of the high pressure sets
vary between 21 and 24 1bs. per kilowatt, and the low pressure
sef takes about 37 1bs. per kilowatt honr on fest at the mine.
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The compressor which exhausts to the low pressure turbo
is the largest in the Southern Hemisphere. The steam eylinders
are 27”7 H.P. and 507 L.P. diameter, and the air wvylinders
283”7 H.P. and 4647 L.P., with a 5 ft. stroke. The eapacity
is 7,000 cubic feet of air per minute.

The plant at the Golden Horseshoe mine has many inter-
esting features, and has been very suceessful.

The turbine generators supply three-phase alternating
current at 560 volts, 50 cyecles. The voltage is closely con-
frolled by Tirrel voltage regulators. It is moteworthy that
the stators of the high pressure turbine generators are cooled
by a water jacket as well as air ventilation. The low pressure
set is air cooled only. _

The output of this plant, when the treatment was in full
working, has exceeded the rate of 7,000,000 units per vear.

GENERAL SUPPLY.

The general supply to the mines is furnished by the system
of the Power' Company at a normal voltace of 550 wvolts at
the consumer’s premises, 3-phase, 40 eyele.  The original plant,
which was first operated in 1902, consisted of Babeoek and
Wilcox boilers, vertical cross compound Stewart Carliss en-
eoines, and Fouche aero condensers.

All the boilers and machinery are housed in struetural
steel buildings covered with corruegated galvanized iron, with
concrete floors.  The arrangement of the plant is the customary
one, with the boiler house parallel to the encine house, and the
railway siding delivers the woaed fuel directly in front of the
boilers.

Sinee the plant was originally installed, four additional
generating units, together with necessary boiler equipment,
have been added. These units consist of three horizontal cross
compound drop valve engines, and one mixed pressure Parsons
furbine unit, The condensing arransements have also been
altered, owing to the arrival of the water supply at Kalgoorlie,
and barometric and jet condensers are now in use. The
generating plant at present has a total of 4,600 K.V.A, rated
capacity. Of this, however, two of the original 500 K.V.A.
units arve practically never used, and serve only as stand-by
in ease of extreme urgency. Hence with 3,600 K.V.A. in
active use, 2,600 is run practically the full 24 hours, except
Sundays.

With this eguipment the output has exceeded 15,000,000
units per annum, which is exceedingly high for a plant of such
a rated capacity, and is due to the very high load factor, of
70 per cent. or over, under which the plant operated. This
high lead factor was due to 95 per cent. of the output being
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nsed by the mines for treatment plant where the load is very
steady, and which, until recently, ran praectically seven days
a week full time, Sinee the war started, owing fo various
factors, the mines are now shutting down on Sundays, so that
the load factor is not as good as it was before.

The steam is generated in Babeock and Wileox land type
boilers at 160 1bs. gauge pressure, and superheated to 460°
to 500° Fahr, at the engines. The boilers are hand fired with
wood fuel, which as far as possible is thrown direct from the
railway trucks to the front of the boiler, ready for stoking.
Of course, it is necessary to keep a large quantity of wood
as reserve, and generally the amount of wood stacked on the
lease is between 4.000 and 5.000 tons, or practically one
month’s supply at full load. This wood requires a considerable
space for storage. The stacks are mot used up until shortage
of supply compels it, as the deterioration in calorifie value after
the first few months is negligible.

A U0, recorder is constantly in use on the flues, and has
been found of much assistance in detecting leaks in boiler
setfinegs and also in encouraging the boiler attendants to obtain
better firing results. A satisfactory system of stoking with
wood is difficult to obtain. The universal system adopted by
the firemen is to fill the furnace full and leave it until well
burnt down, and then refill, instead of lighter and more frequent
stoking. As the fire doors have to be fully open while stoking,
the system is obviously not efficient. The evaporation ohtained
in the Babeock boilers, as determined by numerons tests, aver-
ages 34 lbs, of water from and at 212° Fahr. per 1b. of wood.

All the water used by the boilers is filtered through a sand
bed in a Patterson water treatment plant, and is measured by
a Liea recorder. The water received from the main contains
a zood deal of suspended matter in the form of fine red dirt
and oxide from the interior of the water seheme pipes, and
at times it is quite red, hence particular attention hasg been
devoted to the filtering arrangements.

The original vertical Corliss engines were very heavy,
strong machines, and capable of hard duty. These units were
at one time, owing to shortage of capaecity, run at 25 per cent.
over load almost constantly for several months, unfil a new
unit was installed. These engines were, however, *° steam
eaters,”” and were mistakenly selected for Goldfields use. 'The
steam consumption averaged 27 to 28 lbs. per kilowatt hour
on the regular commercial load with a 23”7 vacuum. Some
yvears ago arrangements were made to eonvert one of these
to a Sulzer valve gear (i.e., drop valve), and the work was
very successfully executed by a Melbourne foundry. The ar-
angement was rather diffienlt to attach to an existing engine
without alterine the trunks of the engine, and the wvalve
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chambers had to be set outside of the cylinders, which malses
the working somewhat noisy. The steam consumption, how-
ever, was brought down to 22 Ibs. per kilowatt hour by the
change, and a much more satistactory engine, as rezards upkeep
and reliability and suitability for superheated steam, resulted.
The cut off gear on the high pressure inlet valves is effected
by a moveable rod controlled by a trip actuated by the governor.
The valve gear on each eylinder is driven by a vertical shaft
carvied on ball bearings operated from the bevel aear on the
main shaft of the engine. The vertical shaft drives throngh
another set of bevel gears the short lay shaft on the eylinder,
which earries the eceentries and cams which actuate the valves,
No tronbles whatever have been experienced with these valves
after a number of years' operation. The difference in the
original Corliss valve and the altered engine is interesting hoth
from the point of view of steam economy and upkeep cost and
reliability of operation. In the original Corliss engines con-
siderable troubles were always experienced with the large valves,
these troubles being prinecipally due to lubrication difficultics,
and the seizing of the valves and the twisting of the spindle
throngh which they were driven, They were also unsuitable
for use with superheated steam.

It is interesting to note that the poppet valve, which made
the engines of Sulzer Bros, Switzerland, famous, was first
applied by them about 50 years ago, and was designed by an
English engineer, Chas, Brown, at that time chief engineer of
Sulzer Bros. The poppet valve engine was taken up generally
on the Continent, but English and American engine desioners
and builders adhered to the Corliss valve until comparatively
recent years, and were apparently only foreed to admit the
virtues of the poppet valve by the extended nse of superheated
steam.  Some English firms adopted it several years before
American designers, but it is only in the last eight or ten years
it has been seriously taken up, although it has long been the
standard on the Continent.

The poppet valve has several advantages over the Corliss.
amongst which are:

Less weight, being one-tenth to one-fifteenth as heavy
as a Corliss valve having the same steam area.

No rubbing surface to introduce wear and lubrication
troubles.

Suitability for high temperature and high pressure.

Long life, due to the little wear and much improved
steam economy.

In the Kalgoorlie engine all the difficulties of the Corliss
gear were overcome by the new arrangement. The alteration
was so suceesstul that it was quite intended to alter the remain-
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g two vertical engines in the same manner, but, owing to the
necessity for inercasing the capacity of the plant, additional
units were installed, and the Corliss engines were retained
merely as emergency stand-bys withont alteration. As you
will appreciate, with a load where continunity is so important,
as is the ease with gold mining, it is necessary to have not
only the usual provision for stand-by plant, but something in
addition to that as a reserve in case of extensive breakdowns.

These original sets were fitted with 600-volt generators
of the revolving field type, built by the General Electrie Com-
pany of Ameriea.

In 1904 a 2317 x 38”7 x 413" horizontal engine, having
a capacity of 930 L.ILP., built by Frank 0. Tosi, of Legano,
Ltaly, was installed. This machine is fitted with poppet valves
of the double port balanced type, and has proven very reliable
- and satisfactory in operation. The steam consumption of this
engine on commereial load taken over an eight-hour test is 18]
Ibs. of water fed into the boilers per kilowatt hour, including
the losses in the steam jacketing of the eyvlinders.” This unit
is fitted with a Westinghouse 500 K.V.A. 600-volt generator,
and exhausts into the main exhaust pipe to the barometric
condensors,

In 1909 another horizontal unitl, consisting of 307 x 54~
x 487 stroke engine, rated at 1,600 LLH.P.. and built by Cole,
Marchant and Morley. of Bradford, England, driving a 1,100
K.V.A. A, E. G. 3.300-volt generator, was installed. This
engine is fitted with the Morley patent piston drop valve, which
in external appearance is somewhat similar to the Tosi engine,
but the valve itself is of quite a different type, and consists
of a very light casting of speeial quality iron carrying piston
rings, and its particular virtue is its great lightness, so that
all of the valve gear is correspondingly veduced in weight,
and the working of the valves themselves, as they do not fall
on a seat, is more quiet than that of the type of valve wear
nsed in the Tosi engine. Experience has shown, however, that
these valve gears are more sensitive, and, as a consequence, are
linble to cause more trouble than is the case with the Tosi
gpar.  The steam consumption of the engine on commercial
test 1s the same as that of the Tosi—183 lhs. per kilowatt hour,
although it is double the capacity of the Tosi engine.

This engine also exhausts to the main barometric con-
densers.,

In 1912 a horizontal 2517 x 431”7 x 35} engine, built
by Carel Freres, of Ghent, Belgium, rated at 825 1.H.P., driving
direct a 550 K.V.A. A. Ii. (. outside revolving field type
generator, was installed.  This engine has several novel features,
and is a very fine piece of work mechanically. The engine is



a8 (. B. CROCKER :

fitted with valves of the Lentz type. These valves arve of the
double seated drop valve type, similar fo those in the Tosi
engine, but instead of being mounted in the body of the evlinder,
both steam and exhaust valves are mounted in the heads of
the eylinder, thus reducing the clearance space in the eylinder.
The body of the cylinder is consequently merely a barrel in
which the piston works. This construetion is mechanically
strong.

These valves, in falling before they finally close on the
seats, enter a contracted portion of the valve ecasing, where
the steam is practically eut off and a enshion is formed, which,
in addition to the outside dash pot, considerably reduces the
shock of the valve on the seat, making them very quiet in
working, These valves have proven exceedingly reliable, and
the maker’s faith in them is indicated hy the fact that they
give a 20 years’ guarantee of the valve. This engine is the
most economical in the station, and the steam consmmption is.
on commercial test, 164 Ibs. per kilowatt hour, which is very
low for a 500 lilowatt set.

[t must be borne in mind that all consumptions mentioned
are taken under actual working conditions on commereial load
in Kalgoorlie, and represent the water evaporated by the
boilers when the engines arve working on a 237 vacuum.

The Carel unit exhansts into a horizontal jet condenser
located under the engine, the combined air and water pump
for which is driven by a rod from the low pressure crank pin
of the engine. - When the plant was installed there was some
fear that this drive arrangement would not prove reliable and
might cause trouble and interruptions; such has not been the
case, however.  Another special feature of this unit is the type
of generator. 1In all of the other slow speed sets the revolving
field is inside of the armature or stator. In this unit, however,
the armature Forms the inside portion and the revolving field
is outside, the object of this arrangement heing to inerease the
fHy-wheel effect with economy in material,

In 1913 a Parsons mixed pressure steam turbine unit,
having a capaecity of 750 kilowatts, at a 75 per cent. power
factor, was installed. The generator is diveet wound for 3,200
volts, and the steam furbine is capable of earrying its full load
on the high pressure side only. For some time after the unit
was installed it was operated on mixed pressure, the low pressure
steam being taken from the exhaust of the engines. It was
found, however, that the plant economy, after the use of the
Corliss engines was disecontinued, was not inereased by this
arrangement, as the extra steam taken by the drop valve engines
when exhausting to the turbine against the back pressure was.
with the l‘r,\'_cr‘}'lfiml of the altered wertical |;4.1|;_l;in(>. about 40
per cent. ereater than when running condensing, and that this
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(lecrease in economy was not compensated for by the working
of the turbine as a mixed pressure set. Recently the turbine
has been used practically as a high pressure unit. Under these
conditions, the steam consumption is 224 1bs. per kilowatt hour
on commercial load, when working with a vacuum of 25”7,

Previous to the installation of this unit, turbines were not
installed in the Power Company’s plant, as mentioned before,
hecause the type of engine used gave a great deal higher cconomy
under Goldfields conditions, where a high vacuum cannot be
obtained without heavy expense in pumping cireulating water,

At the time the Tosi engine was installed, caleulations based
on the manufacturer’s guarantees, later confirmed hy actual
tests, showed that the extra economy with the engine wonld
pay for the difference in cost between the engine and a turbine
set of the same eapacity in one vear’s operation, although the
slow speed engine cost installed twice the amount that a turbine
set of the same capacity would cost. This fact would not, of
course, hold-good for units of aver 2,000 kilowatt eapacity, in
which size the turbo economy is better, but, owing to the way
in which the power plant was built up and the uneertainty
of the life of the mines, it was necessary to use generating
sets of smaller capaecity.

In spite of the filtering arrangements in use for the feed
water. considerable trouble has been experienced in the Parsons
turbin owing to the acemmunlations of dirt and oil on the blades.
To all appearances the filtered water is quite clear, and one
would expeet that the veloeity of the steam passing through
the turbine would carry with it into the exhaust any such
solids as may eome over with the steam. But this deposit forms
on the blades. gradually redueing the capacity of the turbine.
nntil it is necessary to open it up and carefully scrape and
blow out the blades overy six to twelve months, The deposits
will acenmulate if allowed to do so until there is practically
no space left between the blades for the passage of the steam.
[t is so fine and soft that no trouble has been experienced
through the deposit getting between the moving and stationary
blades. The sprayving of kerosene into the steam inlet has
helped to decrease the accumulation, but does not prevent it
altogether. The diffienlty seems to be peculiar to reaction type
turbines, as [ have not heard of it occurring with impulse type
turbines in use in Kalgoorlie.

The turbine set exhausts direet to one of the barometric
condensers, which is also connected to the common exhaust
pipe.

CONDENSING ARRANGEMENTS.

The original Fouche aero condensers, which were installed
before the water supply was available, were interesting, and
oave very good serviee. These condensers consisted of a laree
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number of narrow chambers constructed of thin corrueated
steel plates, spaced about 17 apart, Rach of the steel chambers
has 1,345 sq. in. of cooling surface, and 51 chambers are grouped
together in a bundle, and 15 bundles are mounted in a ecom-
partment or section of the condenser. This gave an area of
T141 sq. ft. per seetion, or 21423 sq. ft. of cooling surface
per unit, condensing 13,500 Ibs. of steam per hour, approxi-
mately equal to 1.59 sq. ft. per 1b. of steam condensed per hour.

fach section is enclosed in a steel casing with open top,
and supplied with air by three fans 7 ft. in digmeter, running
at 320 r.pamn.  Three of these sections were used to condense
the steam from a 500 kilowatt unit ,and requived 45 IH.P. for
driving the fans, which is equal to about 8 per cent. of the
output of the generating unit for which the condenser acts.
With these aero condensers the vacuum necessarily varied with
the temperature of the atmosphere. The average obtained was
187  throughout the year, ranging [rom zero, when the
temperature of the external air was above 113° Fahr. (shade
temperature) up to 227 vacuum with a temperature of 43°
Fahr. (shade temperature). The condenser was very economical
as vegards loss of water, and only 5 per cent. of make up water
was required to supply the boilers, as against 25 per cent. to
30 per cent. with barometric c¢ondensers and cooling towers.
Careful caleulations, checked by test, showed that the con-
densers could be operated more cheaply than either surface or
jet eondensers when the price of water exceeded 5/- per
thousand gallons. Owing, however, to the excessive eapital
expenditure and the space oceupied by these condensers, the
use of the plant became inadvisable, and barometrie condensers
were installed.

A set of Fouche condensers suitable for 500 kilowatts cost
approximately £16,000, as against some £2.500 for a barometric
condenser unit, including pumps capable of doing twice the
work.,

The writer would have no hesitation, after the experience
of their working in Kalgoorlie, in adopting these condensers
in locations where the price of water is very high, and the
eapital cost is permissible for any plant of small capacity.
The elimate of the fields is very dry, and no ftrouble from
corvosion of fthe steel chambers occurred during the four or
five years the condensers were in use. If used at intervals
only, so they were standing cold a large part of the time, or in
a moist climate, they should be protected by a roof.

The condensers now in use econsist, in addition to that
on the Carel engine, of two large barometric condensers, one
mounted at each end of the main engine room and connected
by a 247 main exhaust pipe, into which all of the engines.
exeept the Carel unit, exhaust.  Barometrie condensers were
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chosen instead of surface condensers owing to their great re-
liability and the less guantity of cireulating water required
to obtain the same vacuum. These condensers have proven
very satisfactory and require practically no attention, exeept
that the water:attacks the inside of the steel shells and trays,
necessitating periodical seraping and painting.  This being
attended to about once a year, the corrosion has heen reduced
to a reasonable item,

The civenlating water is pumped to the towers by both
motor driven and steamw driven centrifugal pumps, stand-bys
being provided at each condenser. One set of pumps is driven
by an Allen steam turbine rated at 120 ILP., which has proved
very reliable in operation. It econsumes 30 to 35 lbs. of steam
per horse-power. Mirlees Watson slide valve vertical vacuum
pumps are used, being driven by electric motors.

Trouble is experienced with the corrosion of ull stecl pipes
around the plants in Kalgoorlie when using Mundaring water
supply, probably owing to the exeess air contained in the water.
So much trouble was experienced with this diffieulty at the
power plant that wooden pipes have been eradually substituted
for ecireculating pipes leading from the pumps to the cooling
towers, and these have given every satistaction. They are also
in use for the water main into the plant, and for the blow-olf
pipe of the boilers.

Although corrosion trouble is not experienced in  the
boilers, this action of the water was very serious in the feed
pipes, which deteriorated so rapidly that it was necessary to
renew the heavy hydraulic pipe every twelve months, This
beeame such a heavy item of expenditure that after investiga-
tion it was decided to instal lead-lined steel pipes thronghout
the feed system. These pipes have practically overcome the
difficulty, and have been in use now for some six or seven vears
without any trouble eccurring,

Three separate cooling fowers are in use at the power
plant, part of which are arranged with the launders and floor
svstem, and the others with sprays and floors. The water falls
a total distance of 23 feet in these towers. In summer the inlet
temperature rises as high as 90° in the hottest weather, being
reduced from about 125°, at which it leaves the tail pits of the
condensers. The towers are all of the natural draught type, the
structure extending 40 ft. to 50 ft. above the water.

As the output of the plant inereased it was found desirable
to raise the transmission voltage, and 3,300 volts was adopted.
Transformers were installed in conneetion with the original 600
volt generating units, and the later generators were wound
direct for 3,300 volts.
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The eurrent is transmitted to the mines by overhead lines
on wooden poles, and. very heavy copper lines are used, owing
to a considerable portion lwmg transmitted at the lower voltage.
Both the 600 volt and the 3.300 volt wires are carried on the
same poles. The mines furthest from the pewer plant are
Hll]rpllt‘ti through transformers at the sub-stations, where the
voltage is lwhu-ml to 900 volts for the motors. Three of these
sub-stations are in use, two having a capacity of 675 kilowatts
cach and one of 900 kilowatts. Single phase transformers are
used and conneeted delta on both primary and secondary, so
that in case of breakdown of one transformer. the service can
be partially maintained on the remaining two transformers.
The sub-stations arve, as is the case with most buildings on
the mining field, where the future is very uneertain, construeted
of wood framing and covered with galvanized ivon. All trans.
former cirenits and the feeders at the power station are provided
with automatie oil switches on the high tension side. Both
electrolytic and multi-cap lighining arrestors are used on the
main feeders.

All the outlying district is supplied through overhead lines
and pole type transformers. The Goldfields are subjected to
very heavy lightning storms at fimes, which are espeeially
fierce after a long dry spell.  Considerable trouble was or l“‘l]ld”\
experienced from these lightning storms through burning out
of meters and motors, and to overcome the difficulty a lm,t_‘:c
number of additional lightning arrvestors were placed in serviee,
effecting a very deeided improvement.  Lightning arrestors
arc now used at the ends of all lines both on the 3.000 and
H50 volt cireuits, and at all branch lines and transformers.

Current is supplied for the Kalgoorlie eleetric tramway
system through three 200 kilowatt converters. installed in the
power station. The load of the framways is very fluctuating,
as the number of trams in use on the average is only eight or
nine, with an average daily requirement of about 200 [LP.,
while on holidays and race days the peak load on the tramways
often runs up to over 1,000 H.P.

Ming Morors,

Electric power has never been adopted on the mines for
large winding engines or compressors, principally because the
large steam plants were installed before electric power was
available, and the capital cost of electric winding installations
is very heavy, and there would have been little or no gain in
eeonomy.

A oreat variety of motor applications have been made to
the general mining machinery.

A number of the drives at the Golden Horseshoe
mine are well arranged, PFifty horse-power individual



FELECTRIC POWER ON THE KALGOORLIE MINING FIELD, 43

motors are used for driving portion of the tube mills
through spur gear. These tube mills are formed with a
long eylindrical steel ecasing mounted on an ineline, and the
crushing inside of the mill is effected by flint boulders, the
unground orve being fed in at one end of the cylinder, and
passing out after grinding at the other end. In other cases
several of the mills are driven from a counter-shaft by larger
motors. A 160 H.P. motor drives through a rope drive, four
of the tube mills. and 14 concentrating tables. The motor
is carrying an average load, with all machinery working, of
150 H.P., which it appears to do without burning out.

Until within the last few years most of the tailings on the
mines were deposited in dumps on the leases. On the Golden
Horsheshoe the tailings were conveyed to this dump by means
of a long belt comveyor, which required motors of about 150
ILP. to drive it. The belt eonveyor was several hundred feet
in length, and the dump rose to a height of nearly 200 feet
at one time,

There is a considerable contrast in the apparatus required
for the present method of conveying the tailines to a slimes
dam on the flat by means of mixing water with the tailings
and pumping them away.

On the Great Boulder mine the tailings were originally
disposed of in a somewhat similar manner, but in this case
Bleichert aerial dumping tram system, consisting of a heavy
structural steel framework, carrvying an endless rope conveyving
the truecks to the top of the 1l|n|111 was in use. The dnvlng
motors, 30 FLP., were mstalh-:l al lower end. This ualso has
been superseded by pumping the tailings away with a centr ifugal
pump. The tailings are now pmn]:ml to dams on the flats,
near Hannan's Lake. about a mile from the mine,

This ¢hange in the method of disposing of the tailings was
made possible by arrangement with the Water Supply Depart-
ment supplying the water at a cheaper rate for this particular
PUEPOSE.

A 90 H.P. motor on another mine drives eight 5-ft. Wheeler
grinding pans, and a centrifugal pump. The load, with all the
pans and shafting, is 80.2 H.P., and the average horse-power
taken by each pan is 84 HLP. per pan. These pans take up to
14 H.P. each when new shoes ave fitted and until they are worn
down for a few days.

When stamp batteries were in greater use than now, there
were several motor driven.

A 30-head (1,050 Ib. stamps) mill driven by an 80 H.P.
motor, and a 15 H.P. motor on the rock breakers, running
constantly, consumed 51,000 units for a 30-day month on the
average, The same plant, ineluding also a 30 H.P. motor on
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conveyors and treatment plant and 5 H.P. on a mixer, used
a total of 70,700 nnits per 30 days.

Another mill using 20 head of 1.000 1b. stamps., driven
by a 50 H.P. motor and having two 5 ILP. motors in addition
on pumps, eonstmed 20,000 units monthly, with 10 head con-
stantly running and 10 head on eustoms work constantly
employed, except when cleaning up parcels. In this case the
treatment plant was mueh more simple than in the preceding.

Electrie drive of the saw-milling plants on the mines is
very satisfactory.  On the Great Boulder a 75 H.P. motor
has been driving the mill for many years, althonah with heavy
logs the momentary demand rises to 125 to 150 ILP. many
times every day. All the underground timber is sawn by the
mill.

One of the most interesting clecirie motor installations is
that of the Great Boulder Perseverance mine. After the oriei-
nal plant of this mine was destroyed by five in 1911, the new
plant was laid out with the object of using eleetrie power from
the Power Company’s serviee.  An eleetric drive was installed
throughout, except for air compressing and hLoisting.  Over
1,400 H.P. of motors are in use. Particularly interesting fizures
are obtainable on this plant as to the proportion of power
required in the different parts of the process,

The Perseverance is one of the few mines where such
complete figures as to the current consumption of the different
seetions of the plant ean be obtained, as the feeders arve run
from the main switehboard, and each supplied through =a
separate feeder panel and recording watt meter.

The current from the sub-station is broueht into the
switchboard room on overhead cables to the centre panels of
the board, where the mine recording meters are installed.  Con-
tinunous current for operating an clectric locomotive which
conveys away the tailings is obtained from the duplicate motor
oenerators installed at the end of the switehboard, and continu-
ous envrent is also used from these sets for liehting the mine.
The lighting load is about 20 kilowatts.

The ore is conveyed from undereround into the breakers
installed near the main shaft, and from the bins of these breakers
is taken by belt conveyor to the ball mill plant for finer
erushine.  Kight No. 8 ball mills are in use, and each of these
is driven by a 7> ILP. A.E.G. motor.

The ore then passes through conveyors to the roasting
furnaces, and, after roasting, to the tube mills and grinding
plant, then to the agitating plant, where the cyanide solution
18 added, from there to the filter press plant, where the eold
solution is extracted, and the failings are then conveved away
to the dump by an eleetric tramway.
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During a typical month, when crushing 22,000 tons of
ore, the total eurrent consumption was 515,960 units. The
percentace of the total consumption and the units per ton
used in the different treatment operations was as follows :—

Percentage Units per

of Total. Ton.
Underground, which includes such pump-
ing and underground conveying as is
done (there is very little water) .. .. 3.56 0.837
Crushers and t'uil\-'l."\'(:l'r-; e M LA 1.54 0.356
Ball Mall Plant .. o0 L e SRR 50.30 11.768
Roasting Plant and Conveyor .. .. .. .. T7.84 1.965
Tabe, Malls v v s oty ol e s . 6.41 1.490
Agitators and G llmlm“ PSRN L 18.71 4.367
Filter Presses and [’1|11||)H R A H.86 1.356
Miscellaneous, including Fitting, Carpen-
ter’s Shop and Foundry .. . 0,42 0.004
Motor Generator for ]mr]mnw and “‘HIUII:LL
Iing.. . 201 0.571
Motor {u-nvmtm for l{l sidues Liocomotive D 85 0.649

A total of 515,960 units per month, or 23453 units per ton
of ore treated.

It is notable that one half of the total power used by the
freatment process from mine to tailings dump is used in the
fine erushing by the ball mills.

On one oceasion a contract was made by the Power Com-
pany to supply a mine, which already had a 550 volt, 50 cyecle,
svstemn supplied by their own turbe generator, which was
shut down, and the current supplied from the Power Company’s
cirenits at 550 volts, 40 eyeles.  About S00 H,P. of motors were
involved, and it was antieipated that some of the motors at
least would not carry their loads at the lower frequeney. The
voltage difficulty was overcome by installing a special auto
transformer on the feeder to this mine, which was on the
same sub-station as other consumers, The auto transformer is
rated at S0 kilowatts, and reduces the voltage to 440 on the
whole of the mine supply, giving the correct power factor on
the motors, which have worked satisfactorily and are all doing
the work they did before changing over. It was, of course,
necessary to alter pulleys to obtain the right speeds. MThe
chanee over was effected at the mine at one week-end withonut
interruption or subsequent trouble.

The water reticulation of the Kalgoorlie and Boulder dis-
trict is from a reservoir located on Mt. Charlotte, Kalgoorlie,
into which the water flows from the main pipe from Mundaring.
Some yvears ago the Water Supply Department constructed
10.000.000- callon reservoir on the flat ground south of the
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town to serve as addifional storage when the main pipe line
required repaivs. The water from this storage rveservoir is
pumped to the high level reservoir by a eentrifugal pump, dirvect
driven by a 3300 volt induetion motor. The pump capacity
is 2,090 gallons per minute, and the head 230 feet. The set
runs at 1,170 r.p.m,  The use of the 3,300 volt motor saved the
expense of transforming, and has given every satisfaction.
The pump is only operated at intervals when the pipe is under
repair.

[nduction motors (squirrel-cage first, and slip-ring second-
Iy) are preferred by the mines, owing to their hardy con-
struetion. -

Almost the whole of the mine load is induction motors,
and the power factor of the Power Company’s system corres-
pondingly low.

Noe years ago several self-starting syvnchronous motors
were purchased by the Power Company for the purpose of
inducing the mines to use them and improve the power factor
of the feeder and general system, These machines are S0 11.P,
capacity and 125 K.V.A. rating. Kach is fitted with its own
exciter and drives through a cluteh pulley. The switeh gear,
which is complicated but ‘¢ fool-proof,”” is iron eclad.

The machines, including the pulleys, have eiven complete
satisfaction, Some interesting figures were obtained of the
effect on the power factor of using these motors.

One was installed on a mine, where the total feeder load
was between 500 and 600 kilowatts. The motor was belted to
the stamp mill and performing ahout 50 to 60 IH.P. useful
work. The field of the motor was adjusted for full load current,
which gave a power factor on the motor itself 0.56 leading.

The effeet of this at different points on the feeder was:

At Mane Swilchboard—
Without motor, P.I. 0.80 lag; with motor, 0.99 lag
to unity.
At Sub-station supplying the Mine and also other
eireunats—
Without motor, 0.76 per cent. to 0.78 per cent, lag:
with motor, on 0.95 per cent. to 0.97 per cent. lag.
At Power Station end of H.T. Feeder (11 miles long) —
Without motor, 0.977 per cent. lag; with motor o
0.93 per cent. to 0.95 per cent. lag.

This improvement was a great assistance to the lines and
generators in hot weather, and much improved the voltage
at the consmmers’ end.
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RATLWAY ELECTRIFICATION.
By Winriaym H, Tavror.

In aceordance with a request from the President to con-
tribute a paper this session, | have chosen a subject which
has engaged my attention for some time, and [ trust will prove
of interest to you, namely, ** Railway Electrifieation.”’

I have not dealt with local conditions, but principally with
svstems in Eneland and America, where railway electrification
has made considerable headway in the past fen years.

Ramway ELECTRIFICATION.

The fact that in the past twenty yvears over 3,000 miles
of railways have been converted from steam fo electric working,
and that the greater portion has been converted during the
past ten years, is an indication of the favour in which electric
working has been rveceived by those controlling steam systems,
and that the reason for such conversions is in 75 per cent.
of the cases from financial reasons brought about by competitive
syvstems of transit, such as tramways, inter-urban and urban
railways, cheaper in operation and offering advantages over a
slow and expensive steam systen.

The large eompanies in England and America controlled
by men of acknowledged foresicht in finance and economics.
would not have embarked on schemes of eleetrification out of
sentiment or for spectaculir effect, but for the reason that
by so doing their dividends wonld be inereased and greater
prosperity result to their companies.

In the minds of many, railway electrification is considered
to be a refinement to be indulged in as a Iuxury, and that
there are no gains to be derived therveby, also that a few miles,
say 60 or 80, is the limit. This. however, is not so. The
Chicago, Milwaukee and St. Paul’s Railway Co. are operating
electrically 440 miles of their main line system between Harlow-
ton and Avery, crossing the Roeky and Bitter Root Mountains,
where at one point an altitude of 6400 feet in reached. 1 will
refer to this line again, when considering the technical aspects
(}f '}l]'i{'ﬂlﬂ H‘\'Htl‘lll!ﬂ‘

The first electric locomotive was exhibited in Berlin in
1879, and the earliest important electrie railway was the (lity
and South London, a deep level tube, constructed in 1890.

The first steam railway to be chanced to eleetriec working
was, as far as can be ascertained. the Nantasket branch of the
New York-New Haven system, in 1895. ;
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The ecarliest conversions to electrie traction in Burope were
those of the Paris, Lyons and Mediterranean railway, in 1900,
while the first in England was the Mersey Tunnel railway, in
1903,

It was not, however, until 1904 that the Lancashire and
Yorkshive and North-Eastern Railway Cos., in England, and
the Long Island Railway Co., in Ameriea, converted their im-
portant sections of steam railways, consisting of dense and
varied traffic over considerable distances. The large systems
now in proeess of changing from steam to electric are those
at New York, Buenos Ayres. Melbourne, and London, though
with regard to the latter a great portion has heen held up due
to the war, but will be resnmed as soon as conditions ave again
normal.

REASONS rorR ELECTRIFICATION,

Neveral reasons have led to the adoption of eleetrie traction
for railway work. Perhaps two of the most important are the
ease with which a greatly improved train service ean be given
at lower operating costs, and the question of ventilation where
funnels are concerned, Numerous instances where the nse of
electric traction was decided upon for one or all of these reasons
are @iven., In the case of the underground and tube lines in
London, the Mersey Tunnel Railway, and undereround lines
in Paris, Berlin, Hamburg, and New York, it was financially
necessary to run a very heavy and fast service of trains, while
the importance of the question of ventilation is obvious from
«the nature of the lines. In the ease of the Tyneside lines of the
North-Eastern Railway, and the London, Brighton and South
(foast Railway, the neighboring tramway competition necessi-
tated a frequent serviee of fast traing, whieh electric traction
is particularly fitted to egive, and which did arrest the loss of
traffic. and changed a deereasing traffic into an increasing one.

ADVANTAGES OF SUBURBAN ELECTRIFICATION.

A regular and more frequent serviee throughout the day,
sinee each train unit, consisting of, say, three coaches, ean be
operated separately: it is eclear, thevefore, that it is possible
to run trains consisting of one train unit or even only one
motor coach during slack hours, and two or three train units
at times of heavy ftraffic, consisting of six or nine coaches.
The cost of electrically operating the lighter trains is small,
sinee under these conditions the cost of electrical energy, clean-
ing of coaches, repairs and maintenanee to coaches, and eleetrical
equipments, is direetly proportional to the coach mileage.

This renders it financially possible to give a regular and
frequent service of frains throughout the day, regularity of
the service being maintained even during slack hours by trains
consisting of one unit only, and it has been found that where
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a change from steam to eleetric working has been made that
such a service greatly stimulates the increase in traffie.

G SreeDps.

The use of a high acceleration improves ereatly the sehednl-
ed speeds which can be obtained, for given lengths of rumn,
and of stop, and by the use of electrie traction such an accelera-
tion ean be obtained at a reasonable cost, both in the installing
of the plant for the tractive power to develop it, and in operating
it, and the scheduled speeds for given lengths of run and stop
can be materially improved over steam speeds. We know that
the multiple unit system of train operation is perfectly suited
to the development of high accelerations, since upon this systeimn
the whole weight of the trains can be utilised for adhesion if
required, by using all motor coaches. 1t is usually both un-
necessary and undesirable to go so far as this, as traffic conditions
have not made such necessary on any system so far in operation.

Practical aceelerations are limited (apart from the gquestion
of providing motive power for the trains) by the fact that
high accelerations impo:-:v unpleasant conditions upon those
oceupying the train.  With very high aceelerations (say two
miles per hour per second) not only does the weight and cost of
the eleetrical equipment become excessive, but travelling becomes
uncomfortable. Sufficient motive power can be provided and
adhesion obtained for aceeleration up to 11 miles per hour
per second if the train unit consists of one motor coach and
one trailer coach, the four axles of the motor coach heing each
motor driven. The advisability of the use of sueh high ae-
celerations depends upon the length of the run, length of stop
and schedule speed vequired,

The acceleration of steam trains is mueh lower than this
—it is of the order of .3 to .5 miles per hour per second with.
say, a six-ecoach train, Further, the acceleration of the steam
train at starting depends upon the weight of the train, while
with the multiple unit system of eleetric working the accelera-
tion is independent of the actual number of coaches to the train,
since the motive power is proportional to the number of motor
coaches used. While there is a wide possibility of improving
upon the steam speed acceleration generally used, say from .5
miles per hour per second, to the practical ficures with electric
working of 1.5 miles per hour per second, the actual inerease of
speed adopted must, naturally, be subject to the particular
conditions of the system under consideration,

The adoption of too high an acceleration inereases the
capital cost unnecessarily, also the operating costs, since the
trains arve run at a higher speed than necessary to maintain
the schedule,
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Fig, 1,

Figure 1 shows that the energy consumption rises rapidly
as the speed inereases, for a given length of run.

[t will be clearly seen that higher scheduled speeds ean
be adopted cconomically for long runs, but not for short runs.

: The whole gist of the choice of speeds with stopping trains
for comparatively short runs is that high speeds can only be
secured by accelerating rapidly, and the higher the aceeleration
the more costly is the eleetrical equipment for the trains, and
the higher the maximum speed the greater is the energy con-
sumption. Very high speeds for short runs are costly, both
in capital outlay and operation. '

A considerable improvement can, however, be made over
steamn speeds for any suburban service, and, at the same time,
the cost of fhe electrical equipment and the energy consumption
can be kept within reasonable and commercial lmits.

More Ecoxonmican Exprovyest or Trax CreEws,

Train crews can be more economically employed, due
partly to the higher speeds, by which cach erew can perform a
higher train mileage daily, and partly to the absence of loco-
motives.  When the multiple unit train reaches its terminus,
all that needs to be done is that the carriage be opened up for
ventilation for a few minutes, and the motor-man to go to
the other end of the train.

On the Metropolitan District Railway of London, at the
Richmond and other western termini, the trains run in empty,
fill, and run out again on the return journey, the lay over in
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many cases not being more than three or four minutes. At
these points the traffic is very heavy.

Ecoxomy 1nv Coar.

A very nnpmt:mt point affecting the coal economy of steam
locomotives is the stand- by coal losses. The fires have to be
lichted, periodically ele: aned, also, under certain conditions,
banked so as to maintain the full beiler steam pressure all the
time that the locomotive is standing about doing nothing, by
which is meant the time it is in the hands of its crew, and
the time it is in preparation for going into service.

An exhaustive investigation was made by the United States
Government into the guestion of stand-by losses of steam loco-
motives, and it was aseertained that in the United States
something in the orvder of 20 per cent. of the total coal used
per annum by locomotives is wasted in stand-by losses.

These stand-by losses arve entively eliminated in the case of
the eleetrie locomotive, owing to the faet that the. cloetric
locomotive only consmmes power when it is performing useful
worls, therefore only incurring expense at such times for power,
and not when *-.'!.l]lch}!"' idle, as in the ease of a steam locomotive.

Excing Men,

The process of preparing a steam locomotive for duty
imvolves a considerable. expenditure of time and labour, amd
in addition to cleaning, lubrication and overhauling at not in-
frequent intervals, the fire boxes have to be raked out, fire hars
renewed, smoke boxes and tubes cleaned, and the boilers blown
down and washed out, the time between the operations depending
upon conditions.

In contrast to this, the electrie locomotive is always ready
to take the road without preparation, the little attention re-
quired being usually done by the crew itself while in charvae
of the engine. 3

Visits to the running sheds arve practically only ‘vequired
by electrie locomotives for the purpose of cleaning, inspection
of brake bloeks and the less aceessible parts underneath. The
motors, if they are kept elean internally and receive a small
amount of attention, are always ready Tor immediate use.

Warer.

Water for boiler feed purposes is always a source of
anxiety, both in the quantity used and the difficulty of obtaining
it suitable for the purpose, if not the cost of treatment, and
the damage which may be caused, should it contain corrosive
properties: in addition, the cost of water is usunally a very
important item on the cost sheets.
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RUNNING SHEDS.
The running shed expenses are reduced by eleertie loco-
motives to:—

(@) Cleaning, which involves only a fraction of the
labour incidental to the eleaning of a steam loco-
motive,

() Adjustment and removal of brakes,

(¢) Provision of lubrication, brushes for commutators.

Clompare these with those under steam conditions, and it will
be found that the staff requirved at a steam runming shed is
very mueh in excess, as boiler makers, blacksmiths, fitters, fitter
labourers, tube cleaners, and general labourers, ete., are ve-
quired, whereas with electric working these will be redueced to
two or three electrieal fitters for 20 to 30 electric locomotives ;
on a certain system in Switzerland, one man looks after ten
single-phase locomotives of large size,

The reason for this is obvious. With steam locomotives
there are boilers, boiler fittings, motion work, with its numerous
component parts, that require attention, while the electriec motor
has only a revolving armature, two eear wheels, four bearings,
and a commutator, all of which are enclosed and automatically
[ubricated in the case of the beavings and gear wheels,

The entire motor can, if necessary, be changed in four to
six hours, which is equivalent to a new hoiler, or a complete
chanoe of motion work or eylinders on a steam locomotive,
which could not be done under days.

Dovere HeapimNg.

With steam locomotives, when double headed, each is con-
trolled by a separate crew, therefore it is diffienlt to eet each
locomotive to take its proper proportion of the load, while the
second locomotive's erew receives the smoke and einders from
the first. In the case of eleetrie locomotives there are no
objections to double headings it desived, as both ean be electri-
cally coupled and operated as one unit, dividing the load

equally, and not at the discretion of the crews,
CHOICE OF SYSTEMS 0F ELECTRIFICATION,
There are four general systems of electrification —
1. Single phase, Alternating Current.
2. Three phase, Alternating Cuarrent,
3. Split phase, Alternating Current.
4. Dirveet Current,
Single Phase.

The single phase system has been used both for main line
and suburban electrification, and mueh controversy exists as



RAILWAY ELECTRIFICATION. a0

to the relative advantages between it and direet eurrent, hut
it is generally admitted that for very dense traffic it has not
the advantage of the direct current system.

It is not the system which [ would feel justified in
recommending where only very dense suburban traffic is being
dealt with, but where a 15 or 30-minute service is the minimum.
[ am of the opinion that the single phase system has much
to recommend it, and it shows to advantage where long distances
have to he covered by only a few trains.

The eapital cost of volling stock is higher than with direet
current, but against this must be set lower operating costs.
as no sub-stations are used, except at long intervals, also that
no rotating machinery is in use, with its consequential upleeep.
If a new power station is being built, single phase generators
of low frequency would be installed. [f a system existed having
three-phase generators, it would be necessary to install motor
generators of low frequency and delivering single-phase eurrent.

Only one overhead contact line is necessary, which ean he
operated at 11,000 volts with safety and in several instances
15,000 volts is being used.

There was in 1915 the following comparison of mileage
of the various systems in use in the United States of Amerien

A o e e (TR
| BT e e TR R TULD et h AR S foe s e )

D.C., 2,400-3,000 volt .. .. .. 910
e RIS 0 S 5,720

In reeard to the single phase system, [ consider that too
mueh is made of the superiority of direct current. MThe course
I consider should be adopted is to coneentrate on single phase
equipment and make it lighter for the same duty as divect
current, when it would take precedence over it for all services,
especially main line work. The time is not far distant when
we shall see the single phase system with its many advantages
eradually taking its proper place in railway work, but so far it
has its limitations.

Three Phase System.

Several notable examples of three phase raillwayvs arve
those of the Valtallina Railway, Italy, the Govi Line and the
Savoni-Genoa, the first fwo being passenger and the latter a
high speed passenger and freight line.  The Genoa-Savonia line
has a normal speed schedule of 100 kilometers per hour. The
pressure on the contact line is 3.000-3,500 volts, at a frequeney
of 15-16 cyeles per sceond.

Splat Phase System.

This 1s the system which has been adopted for the Norfollk
and Western Railway, in Amercia. Single phase enrrent is



e

4 WILLIAM H. TAYLOR :

supplied to the overhead contact line, and converted to two
phase for the locomotive motors by means of a phase splitting
converter.

Divect Currvent System.

The infroduction of high pressure direet enrrent has been
received with sueh favour that exponents of single phase have
temporarily taken a back seat.  When 600 volts was considered
the limit, long distances with D.C. were out of the question,
but with single phase no diffieulties were presented.

In 1900 the Paris, Lyons and Mediterrancan Railway
was eleefrified at a pressure of 600 volts.

In 1904 the Laneashive and Yorkshire Railway electrified
their Liverpool-Southport line, and in the same vear the North-
Eastern Railway electrified the first section of the Tyneside
suburban system, to be followed in 1915 by a main line mineral
section between Newport and Shildon, to which [ will refer
later.

In 1914 the Lancashive and Yorkshire Railway electrified
their Burg-lTlolcombe Brook branch, the pressure being 1,200
volts. A third rail is used in place of the customary Catenary
construction.  The performance of a third rail at 1.200 volis
is being watehed with considerable interest.

At the present time English engineers do not show much
tendeney to exceed 1,500 volts, although there is one experi-
mental line operating at 3,000 volts in the Midland Counties,

The American engineers have used 3.000 volts on the .M.
and P. Railway, with, it is said, satisfactory results.

[n direct eurrent systems, 1 am of the opinion that the
limitine factor will not be the motors, but the converting maehi-
nery, as the more this becomes complicated and expensive, the
more will single phase show to advantage.  The higher the
pressures used on the contact line, the higher the pressure
necessary on the commutator or commutators of the converting
apparatus.

Tn the case of the CLM. and St. Paul Railway, where 3,000
volts is in use, the conversion is by motor generator sets, two
1.500 wvolts generators being connected in series.  This cannot
he as efficient as two retary converters with their transformers.
Assuming 100 per cent, load factor, the efficiency of the motor
generator sets will be 90.5 per cent., against the same eapacity
of rotary converters of 94.5 per cent.

There is no difficulty with 1,500 volts on one commutator,
therefore it would appear that this will he the pressure used
in the greater number of conversions which have yet to be
made. It is noteworthy that American engineers have used
motor generator sets for the heavy dnty lines, whereas Enelish
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engineers have used 1.200-1,500 volt rotary converters for im-
portant services.
Typican RAILWAY SYSTEMS.

A typical American example is the Norfolk and Western
Railway. which operates a 29-mile section, between Vivian and
Bluefield, in the State of Virginia.

The total track mileage is 97, including sidings, ete.
he east hound trains ascend a grade of 1.5 per cent, for
some distance, with one portion of 2 per cent. The 1.5 per cent.
is the Elk-Horn tunnel, which is 4,000 feet long.

This line was put into operation in May, 1915, and repre-
sents a recent adoption of single phase for main line electrifica-
tion. The locomotives used. of which there arve 12, weigh 240
tons, the motors being the split phase type. Current is colleeted
by pantograph from the overhead line, which is operated at
11,000 volts, 25 cyveles. Trains weighing 3380 tons, including
a4 240-ton locomotive, are hauled between Vivian and Bluefield
at a speed of 14 miles per hour. This was formerly done by
three Mallet locomotives, each of 240 tons; the speed was then
only seven miles per honr.

!1\

Such a train weighed 3,620 tons, or 7 per cent. more than
the electric trains. The speed through the Elk-Horn funmel
had to be reduced below 7 miles per hour, in view of the smoke
and fumes. Eleetrie traing maintaining a speed of 14 miles
per hour can he despatehed through the Elk-Horn tunnel at
the rate of a train every three minutes, as against a steam train
every seven minutes. Bach locomotive’s weight is made up of
227.000 1hs. of eleetrical eqguipment and 310,000 1bs. of mechani-
cal equipment.

The locomotives are capable of exerting a tractive effort
of 68,000 1Ibs.. corresponding to 2,600 ILP., at 14 miles per
hour, and 40,000 1bs. at 28 wmiles per hour, corresponding in
this instance to 30,000 ILP., which is the continuous rating of
the locomotives.

SINGLE PHASE RAatnwavs,

On the Swiss railways single phase has been extensively
adopted for electrifying their mountain railways, and several
difficult problems had to be overcome on the pioneer lines chang-
ed to eleetric working.

An important conversion was the St. Gothard tunnel, from
steam to complete eleetric.  For this single phase has been nsed.
The contact pressure is to be 15,000 volts, but in the early stages
only 7,500 volts is being used. The frequency is 16 cyeles
per seeond.

One of the most recent conversions is that of the Berne-
Lotchsherg Railway.  This line gives direct access to the
© Bimplon,” and consequently to Ttaly, from the north-west
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portion of Switzerland and those more central distriets that
oravitate towards Berne and the Berenese lakes. This line is
of importance to international passengers, as it shortens the
distance between the important cities of France and Italy by
many hours.  This line is operated at 16,000 volts single phase,
the frequeney being 15 eyeles per second.

The locomotives used on this line are eapable of developing
2,000 H.P. continuously.

The line being of recent origin, is an indication of the
faith which Swiss n‘ll;_';it]i‘l‘l‘.‘-‘. have 1in .‘sin;__l"hz I;[m;\;p for hw_{\'_\'
main line serviee, operating the severe erades and hauling
heavy trains.

SINGLE PHASE SUBURBAN RAILWAYS.

There is only one example of a single phase suburban rail-
way in England, and this is the South London Elevated, which
serves the south side of London, and runs over the joint systemns
of L.C. and D. and S.1. Railways, This line has borne the
light of severe eriticism by advocates of D.C., but so far it has
not proved the failure predicted. Tn my opinion the weakness
lies only in the fact that all the London railways have adopted
D.C., which makes inter-running impoessible—a feature alone
sufficiently important to condemn using single phase for oue
section of a city systemn only, bounded, as it is, on all sides by
D.C. railways. !

Continuous Train.  Single-phase Train.

Tor For For For

sSouthport S.L.E. Southport S.L.E.

Service, service. Service. service.

Trueks A o TN 815 S156 215 815
(‘oach Bodies .. .. .. £ 4070 4.070 5,200 5,200
Electrical equipment .. £ 3,750 1,630 13,500 4,500
Further costs i 240 510 1,050 690
Total costs of train .. £ 9225 7,025 20.565H 11,205
Weight of train .. .. tons 118 101 210 138
Qlost perton < e wn e & 78.1 69.5 98.0 81.3

The I"u]]mr.iu;z' table gives the velative costs of operating
a D.C. and ALC. railway, based on a schedule of 30 miles per
hour, the distance between stops 1.32 miles; and 22 wmiles per
hour and .88 miles between stops -—

Sehedule speed, miles per hr. 30 22
Distance between stops, miles 1.32 0,85
Equipment of train .. .. .. Con- Single- Con- Single-
tinuous. phase. tinuous. phase.
Weieht of train .. .. tons 118 210 101 138

Net eonsumption of eleetri-
city at trainin w.-hour per
O T B s v s e 96 36 66 66
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Net consumption of eleetri-

city at train in kw.-hour

per tram-mile . .. s o 11.3 20.2 6.7 il
Miles per-train per annum .. 54,000 54000 48,000 48,000
Net  consumption per train

per annum .. .. kw.he 610,000 1,090,000 322000 437,000
Gross consumption per frain

per annum (= 1.3 > net

constumption ) in kw,-hr. .. 795,000 1,420,000 419,000 569,000
Total annual cost per train- )

mile for eleetrieity .. .. d. 9.45 13.4 5.60 6.05

The Heysham-Lancaster seetion of the Midland Railway is
operated single phase, but this cannot be considered a suburban
line, as such are known: it is more of the style known in
America as an interurban railway. The traffic is dense for
s0 short a line, there being 60 trains per day each way.

Digecr CrrrEnt RAmwavs,

In addition to the extensive system of underground and
tube railways in London, the suburban systems arve also in
course of conversion. the latest being the London and North-
Western, London and South-Western, and the Midland Railway
as far as Southend-on-Sea, 35 miles from London. 1t will then
he possible to take a train at Southend and be put down in
the very heart of the city in one hour and ten minutes.

These systems have adopted diveet current at 600 volts,
80 that the benefits of inter-running can be obtained, in pre-
ference to gaining one or two per cent. in efficiency by using a
higher pressure,

Omn all the London railways, the third rail has been used.
In the case of the Undereround and Distriet, four rails are
used, the running rails being insulated from the conductor rails.

It is certain as conditions are again normal that the whole
of the remaining portions of the London suburban railways will
bhe converted to electrie working.

Mux Line EueerriFicaTionN, ENGLAND,

An important change has taken place recently on the North-
Eastern Railway Co.’s system, which marks the first main line
of a heavy character to be converted to electric working in
England. - The section referred to is the Shildon-Newport
bhranch.

Some historical interest is also attached té this route, since
the track runs over a portion of the original Stockton to
Darlington Railway, the first public railway on which steam
locomotives were run for the convevance of passeneers and

Q05

ooods. This line was opened for traffic in 1825, and two of
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the original locomotives are still to be seen on the Darlington
station of the N.E.R. Company.

The fact that the first trial in England of the electrification
of heavy freight traffic on a laree seale should be earried ont
on this section is noteworthy.

The route has a length of approximately 18 to 19 miles,
and connects the mineral sidings at Shildon, whieh forms one
of the lareest marshalling yards in Great Britain, with the
FEremus sidings at Newport, near Middleshorough,

A considerable portion of the sidings have been electrified,
there being in all about 50 miles of single track.

The overhead system has been adopted, working at a pres-
sure of 1.500 wvolts. The type of construction is shown in
Kigure 2.

Fig. 2. -

The econtact hine consists of two hard drawn copper con-
duetors each of 155 square inches sectional area, for the main
line: on sidings one contact line only is used.

The contact wires are supported from steel catenary, to
which the contact wires are clipped at 15 feet intervals. The
normal span is 300 feet on tangent track. and on eurves this
is reduced to suit the conditions of same.

The feeder cables are carrvied on the supporting structures.
These are 109 square inch.

To limit the sag due to variations of temperature as far
as possible, antomatic tensioning is used, the tensioning points
being 1,100 yards apart. Tensioning weights are hung in the
centre of the supporting structures by means of chains passing
over pullevs, of sufficient capacity to maintain the normal line
tension under all conditions.
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A tension of one ton is used on spans of 300 feet, which
maintains the contaet wire faut under all conditions. The
contact wire is divided into sections, which are arranged to
come at tension points, there being bridged over with switehes,
operated from the ground.

The running rails are used for the return eurrent, being
honded across the fish-plates with bonds having a sectional area
of .109 square inches. They are cross-bonded every 300 feet
between the two inner rails of adjacent tracks at the same
intervals, the bonds in the 6 feet way being midway between
those in the 4 feet way.

The power is furnished by the mterconnected system of the
North-East Coeast, which I have deseribed in my paper before
this Institution, into two sub-stations, situated at Ayeliff and
Eremus.

The Ayeliff sub-station contains two 800 K.W. rotary con-
verters, each consisting of two 400 K.W. sets connected in
series to give the line pressure of 1,500 volts, the machines,
of course, being each of 750 wvolts, The machines are capable
of earrying an overload of 50 per cent. for two hours without
commutating difficulties, and 100 per cent. for ten minutes,
These machines have taken overloads up to 200 per cent. without
flashing over. On account of the high commutator veltage, and
to minimise the damage due to flashing over when sustained
short cirenits arve on the system, the operating parts of the bhrush
oear are entirely covered with insulating material, and the
commutator by a fireproof shield.

Tests were carvied out to determine what load could be
suddenly thrown off without flashing over. A load amounting
to five times full load was thrown on, and automatically thrown
off, seven thmes. Three times the machines withstood this test
without flashing over. DBetween the tests the commutator was
not touched.

The Ayeliff sub-station is supplied at 20,000 volts from twe
independent overhead lines, and Ervemus from underground
cables in the Middlesborough distriet, at a pressure of 10,000
volts.

The high tension switchgear in both sub-stations is of the
Ironelad type, manufactured by Reyrolle.

The low fension switchgear is of cellular construction,
similar to that nsed on high tension alternating eurrent systems,
and is mechanically remote controlled.

The freight locomotives were designed and built at the
N.E.R. Co.’s works at Darlington, and the electrical equnipment
at the works of Messrs, Siemens Bros,, Stalford, England. They
are designed to haul a load of 1400 tons at 25 miles per hour
on the level.
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The motor equipment of each locomotive consists of four
totally enclosed motors, cach driving one axle through single
reduction gearing, the face dimensions of the pinions being
3 11-16th. A pinion is wounted on each end of the motor
armature shaft, and meshes into a corresponding gear wheel
mounted on the running axle, the gear ratio heing 4.5 to 1.

The wmotors are coupled permanently two in seres, two
on each bogie and operating series parallel.  The control is
electro-magnetic.  Each motor is eapable of developing 275
B.ILP. at a speed of 20 miles per hour, or 1,100 B.IT.P. for the
locomotive complete.

The motor equipments are capable of exerting a torque
sufficient to skid the wheels, under normal eonditions of rail,
and will exert an average torque of 28,000 1bs. at the tread of
the wheels, when starting under normal conditions. The motors
and gearing is designed fto run at a speed of 45 miles per hour
without injury, but the normal speed will be 25 miles per hour.

The power consumption for the trip from Shildon to New-
port, an average of 18 fo 19 miles, was 453.3 units = 25.1 units
per train mile =313 watt hours per ton mile. Assuming
aleertic eurrent at .6 pence per unit at the locomotive, the cost
to haul an 800-ton frain from Shildon to Newport would bhe
15 penee per train mile for power, or 0187 penee per ton mile.

CostT or OperaTiNg Muvaiere Ui TrAINS.

I would like to deal here with the cost of operation, as it
refers to other than main line freight trains, particularly the
multiple-unit suburban train.  As | have previously mentioned,
the power consumption varies as the weight of the train. It
is obvious that the proper course is to veduece the weight of
the trains at hours of light traffic, and inerease them at the
heavy hours, as would be done with any power consuming
apparatus which is not performing revenue earning service.

The following table is for a train of three, six and nine
eoaches, as also a train with 12 for emergencies, also one eoach
only if desired :—

No. of Coaches. Pence per Train Mile. Tons of Train.
Three e 3.85 e 118
Twao L), 2.61 Sotom, 80
One NI 1.595 AR a0
Six i T7.70 e 236
Nine S i 10.55 T 354
Twelve e e 15.40 et 472

From the above fable it will he seen that a considerable saving
can be effected by reducing the weight of the train, under
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certain conditions.  These fieures are based on a run of 8.7
miles with an average distance between stops of 4,600 feet, the
stops being of 20 seconds duration. The average watt-honrs
per ton mile is 60, or 7 kw.h. per train mile.

The average mileage per annum of steam locomotives com-
pared with electrie trains is ag given hereunder, and are those
of one of the largest systems in England operating hoth steam
and electric trains:

Train Miles per Annum.

ol e ) A e M 20,000
T e ) et ' 48,598

The mileage of the following parts of the electric trains
will he of interest :—

Item. Train Miles.
Wiheel Turning oo i s s ame wn i 30,300
Motor Armatures: - ta 4 s s i 171,03
Armature Bearings .. .. .. .. .. 57,100
Cominutator Brushes .. .. - = o 10,900
{Zallectopi Shats o an o ae e 102,000

On a recent test of a railway type box frame motor, the
armature bearings have run 54,000 ear miles and still in service,
This is on a tramways svstem, with a track not comparable with
that of a railway.

Powrr CONSUMPIION.

The Midland Railway’s Morcombe to Heysham line, which
is single phase, 6,600 volts, 25 cyeles. operates trains of 80.5
tons over a distance of 8.1 miles. The schedule speed is 31.4
miles per hour, made up of 156 minutes running time, and
four stops of 30 seconds cach. The round trip is 16.2 train
miles and equals 1,300 ton miles.  The energy consumption per
ton mile averages 40.5 watt hours.

The distance between Sl'u]m and the sehedule speed in M.P.H.
are the influencing factors of the energy consumption. A good
example is the Great Northern and Piecadilly Tube, London.

Distance between Schedule Speed, Average Energyv Consumption
M.P.H.

Stops in Miles. Speed. W.H. Ton Mile.
A8 10.2 12.7 120
A5 15.0 16.9 78
N9 195 20.8 Hh9

The following table indicates the increased energy con-
sumption, with an increase in speed, the distance for the run
and between stops remaining the same,
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I"mlm Consumption in watt- 'mm per ton-mile for the

‘Jl:hedulc_ various values of the distance in miles between stops

speed in set forth at the heads of the vertical columns, and for

miles per 20-second stops.
hour, 0.5 (2.6 0.7 0.8 0.9 1.0 125 15
15 68 Hi a0 — — -— — —_
16 T8 Gt H6 50 — — — —-
17 93 76 (i3] 29 ol — — -
18 114 90 T 62 5753 48 = St
19 - 104 89 70 60 53 —_ —
20 - 94 T8 66 58 47 -
22 — - 95 il 67 h4 =
‘J—] - — 48 83 (15) b
26 — — - - - 100 78 63
28 — — —- - — - 89 i
30 L e S . TSR

An average energy constimption for suburban lines, having
distances between stops of .8 miles, with a 22 miles schedule
speed, is 95 to 100 watt-hours per ton mile, reaching 120 under
certain conditions of service.

Rurarive Cosrs or OpPERATION,

One of the factors which would influence chaneing from
steam to electric working would be the relative difference in
the cost of operation of the two systems.

Comparative Costs, Steam and Electric,
Steam. Electrie.

o]
Train and loco. operating expenses .. .. 59,095
Maintenanee transmission lines, ete. .. .. 624
Operation of sub-station, ete. .. .. .. .. 5,658
Maintenance of electrie locos. .. .. .. .. 6,500
Metal enstes e e o e £18] ‘30(} £98,577

¢
Saving in operating costs .. .. D e ear | TS
Additional revenue due to (‘|t(_'h]f'i((ltl()n S a6, IUU

Total gain by introduction of electrification
(fapital cost of electrification 3

Friterost 2 e per et S bl i e e o sl
Nett saving on electrification .. .. .. .. per annum 55,681

Operating Costs of Heavy Mineral Line in America.

Saving per vear .. .. e e e LR 11125 1116
(Clost per ton-mile, \1"r|||l 20 . .. 594 pence
Clost per tou-mile, eleetrie and steam coun-

| oV E e (RN S e e e o e T W] |
(lost per ton-mile, electrie .. .. . S

Percentage saving due to eleetrie .. . ..  45.206 per cent.



RATLWAY BLECTRIFICA'TION, 63
Butte, Anaconda and Pacifie Raiheay: Locomotive Erependiture,
st montls, in pence per rain mile.
All Steam. Pence per Electric,
[. Maintenance of Egquipment—

R B AITSNGEl in ote e 6.5 2.2
Depreciation .. .. .. .: 1.0 1.2
SUDGTVIRION: .. < .. .. .. 4 2

AR e s s 7.9 3.6

1. Transportation Expenses

Wages, Enginemen .. .. 6.6 3.2
Eneine House Expenses .. 1.9 0.9
Fuel and Power: .. .. .. 19.9 7.0
O B i I 0.3 —.
L CALTOTE o e e ik e 0.6 0.2
Other Supplies .. .. .. .. 0.3 0.2

Potal o s s 29.6 11.5

Total I plus IT .. 37.5 151

Traffic : 80,000 locomotive miles per annumm,

Comparative cost :—
Steam : 37.5 % 800,000 — 240 — £125
Electrie: 15.1 3¢ 800,000 - 240 —

Annual saving — £74,000 per annnm by electrie traction.

L0000 per annu,
51,000 per annuin.

SAPETY 0N GRADES,

In view of the advance whieh has been made in the past
few years on electrie equipment for high voltage D.C. systems,
it is now possible to use regenerative control, whereby on the
(.-M. and St. Paul Railway 21 per cent, of the energy put into
the train is returned to the line. A more important point,
however, heing the absolute control of the speed when descending
orades, and the reduetion in wear on brake blocks and brake
gear, Mo be in a position to deseend a grade at a fixed and
predetermined speed, settled upon by the controlling authorities,
must appeal to them as a safeguard which canunot be obtained
with steam trains. -

In the case of three-phase railways with properly desiened
locomotive, a constant speed up and down grades can be obtained
—mnot as with steain, slow up the erades and fast down, to make
up for the lost time in ascending.  With electrie locomotives,
if desived, 30 miles per hour can be obtained up a grade of, say.
1 in 40, and 30 miles down, or 30 miles up and 40 down. The
speed up the grade is a question of H.P. of the motors on the
locomotives, the requisite power being supplied from the power
house.  Tn view of the overloads which can be carvied by
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eleetrieal machinery for periods, say one hour, the weight of
equipment can be lw it down to that neegessary to prov l{|£' for
normal conditions, mnl erades, ete., if not long, can be negotiated
on the overload capacity the motors ean carry.

The question of the system to be used for railway electri-
fication is not the all-important factor in coming to a deeision
as to the benefits of electric working over steam, which is one of
operating costs and the inereased traffic to he gained ; 1t is
immaterial whether alternating or dirveet current is used. the
choice of system being a fechnical one, providing, of course,
it is the most economical one for the particular system,

In conclusion I wounld mention that the benefits to be
derived from a change from steam to electric working arve
generally in favour of eleetrie, which is apparent from the
number of systems which are or have been electrified, which
you can safely take was not for any other reason than improved
efficiency or to obtain better handling of heavy traffie. Hor
mountain and heavy erade railway systems, eleetric working
stands alone.

If T have not tounched on all subjeets dealing with eleetri-
fieation it is because the time at my disposal is too short to
give other than a few of the general principles which have been
followed in the clectrification of main and suburban railways.

Comparative Cost belween Single Phase and Diveet Current.

ljéisﬁl'llﬂ"]'— ;\\'L’l‘ilgl‘ Train Miles.

Suburban System ;. Multiple Unit Trains .. .. 1.752.000

ocn sl ansl o R N SR e e T04.000

Main Line Loeo., Hauwled .. .. .. .. .. .. 92000000
Goods—

B T e D T e el e e e, R 600,000

Maimilames Rl L e e e 10930000

Total Train Miles .. .. .. .. .. 6,976,000

BhmnimetBnemetElonss TSt 0 518,000
Capital Cost.

Single- Direct

Power Distribution. phase, Current,

% &

Transmission System
Sub-stations . . SR
Electrical Bquipme nts . . L
Permanent Way and Sidings .. ..
Alterations to Way and \\ orks ..
Rolling Stock

£4,834,700  £4,000,710
Additional Capital Expenditure, Single Phase, £833,990.
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Annval Weorking Kaepenses.

Single Direct
phase, Current.
£ £
Provision and Distribution of Eleetrical
Power-
Total cost of power at honse® (ineclud-
ing capital eharges) .. .. .. .. ..
Inspection and maintenance of
transmission line, operation and 2_
maintenance of sub-stations =R
-
Inspeetion and maintenance of 258
electrical  equipment  of  the &l i
permanent way
Wlamts-:mnw of Rolling “'\Tot-k, nuhuimu
inspection, c¢leaning, routine O\‘i*!hcill].
repairs and renmewals .. <. ool i o
Rl e B S 6 R R ETI030] 4

Inerease in operating costs on single-phase system, £25,644.

#Approximately equal for both systems.
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